JP10173585 

PUB DATE: 1998-06-26 

APPLICANT: HITACHI LTD 

HAS ATTACHED HERETO CORRESPONDING ENGLISH LANGUAGE EQUIVALENT: 

US006141335A 

PUB DATE: 2000-10-31 
APPLICANT: HITACHI LTD 



PATENT ABSTRACTS OF JAPAN 

(ll)Publication number : 10-173585 
(43)Date of publication of application : 26.06.1998 



(51)lnt.CI. H04B 7/26 



(21) Application number : 08-326494 (71)Applicant : HITACHI LTD 

(22) Date of filing : 06.12.1996 (72)lnventor : KUWABARA MIKIO 

HANAOKA MASAYUKI 
DOI NOBUKAZU 
UTATAKAMOTO 



(54) RADIO COMMUNICATION SYSTEM 



(57)Abstract: 

PROBLEM TO BE SOLVED: To increase subscriber capacity by 
making control channels in a cell common by a 
nondirectional antenna, and then making it hard to causing a 
softer hand-over in the same cell and eliminating capacity 
suppression accompanying the doubling of a line. 
SOLUTION: An array antenna 17 has proper phase rotation 
and addition processing done by a beam generating means 1 
and is made to correspond to a beam space. Its directional 
beam is coupled by a beam switching means 2 with a 
speaking channel transmission and reception means 3, and 
respective communication channels and transmission and 
reception directions are coupled with each other. The 
connection between the beam and channel is controlled by a 
base station control means 8. In addition to the antenna 17 
which radiates or receives a control channel, a 
nondirectional antenna 11 is fitted for control channel 
radiation. A signal generated by a control information transmission and reception means 12 is sent from 
the nondirectional antenna 11, so nondirectional radiation of the control channel is actualized. 




Consequently, general transnnission of control information can be performed while making good use of 
characteristics of the array antenna 17. 
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FIG.5 
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RADIO COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates a cellular radio communi- 
cation system such as a portable telephone and a mobile 
telephone, and particularly to a transmission method of 
control channel information. More particularly, this inven- 
tion relates to a radio communication system using a code 
division multiple access (CDMA) system. 

2. Description of the Related Art 

In the cellular radio communication system, there have 
hitherto been proposed methods of increasing a subscriber's 
capacity. A fixed sector system is known as one of such 
proposed methods. FIG. 1 schematically shows a method of 
transmitting radio waves in a radio communication system 
of a fixed sector system. 

According to the fixed sector system, a cell is divided into 
several sectors by a plurality of antennas each having a 
directional antenna pattern, thereby decreasing an interfer- 
ence to other sector, thus to increase a subscriber's capacity. 
FIG. 1 shows an example of the manner in which three 
sectors comprise one sector, i.e. antennas 17a, lib, 11c each 
having a fixed directional antenna pattern divide a cell 19 to 
provide sectors 22, 23, 24. 

There will be described the manner in which a cell is 
divided into sectors in a code division multiple access 
(CDMA) system that recently receives a remarkable atten- 
tion as a radio communication multiple access system. When 
the cell of the CDMA system is divided into sectors, a pilot 
signal, which is assigned a different phase of spreading code 
for every sector, is transmitted. Thus, a terminal is able to 
recognize sectors as different base stations. 

In the United States of America, there is known the 
TIA/EIA/IS-95-A as the standards of the cellular radio 
communication system of the DS/CDMA (Direct Sequence/ 
Code Division Multiple Access) system. On the other hand, 
in Japan, the cellular radio system of the CDMA system has 
been considered by the Association of Radio Industries and 
Businesses (ARIB). 

However, when a cell is divided into sectors, there is then 
presented the following problems: 

The terminal searches other connection channel even 
during a communication by a so-called cell-search which is 
a procedure for establishing a synchronization between the 
terminal and the base station and searching the nearest cell. 
If the terminal discovers a nominated connection channel 
which satisfies a predetermined threshold value, then the 
terminal issues a traffic channel switching request (handofif 
request) for a different sector or a different cell to the base 
station. When the cell is divided into the sectors, it is 
unavoidable that an amount of handoff to be processed 
between the sectors or the cells increases. 

In order to support a softer handofif which is a seamless 
handofif between the sectors, upon switching, one terminal 
has to be connected to two sectors, i.e. two base stations 
simultaneously. However, when two sectors are connected 
to one terminal at the same time, the terminal transmits and 
receives control information between the antennas of the 
two sectors, thereby unavoidably increasing power radiation 
on the whole. Moreover, upon handoff, auxiliary channels 
have to be prepared in order to prevent a communication 
between the sector and the terminal from being discon- 
nected. Thus, when the number of sectors increases, even if 
the number of sectors is increased, a subscriber's capacity 
does not increase in proportion to the increase of the number 
of the sectors. 
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As a system in which the above-mentioned fixed sector 
system is further developed and in which there are provided 
a number of sectors in which a directivity of an antenna is 
partly overlapped, there has been proposed an adaptive array 
antenna in which an antenna pattern can be controlled fireely 
and in which an interference from other station can be 
minimized. This adaptive array antenna was disclosed at the 
1995 Society Meeting SB-1-3 of the Institute of Electronics, 
Information and Communication Engineers. The array 
antenna is able to decrease an interference by changing a 
directional beam relative to radio communication terminals 
located in a variety of directions. Also in the array antenna, 
a digital beam forming (DBF) which is a beam space 
expansion is the most effective method because it is easy to 
control and the digital beam forming is developed owing to 
the innovation of a digital circuit technology. 

In the fixed sector system, there exists a region in which 
an antenna gain is lowered at the boundary area between the 
sectors. FIG. 2 illustrates such a situation. As shown in FIG. 
2, a base station 20 transmits a control signal by a directional 
antenna (see sectors 55, 56, 57). When the terminals are 
located at the boimdary area between the sectors, the low- 
ered antenna gain has to be compensated by power control. 
A control signal, which is generally represented by a pilot 
signal, needs a large transmit power because it has to be 
transmitted up to the boundary area of the cell. Unavoidably, 
this transmit power has to be increased much more. 

On the other hand, it is difficult for the system using the 
array antenna to simultaneously transmit common informa- 
tion such as control channel information to terminals within 
a cell (sector). The reason for this is as follows. Since there 
exist a number of antenna elements, conversely, it is difficult 
to transmit radio waves by an omnidirectional antenna. 
Therefore, a method of effectively transmitting common 
information such as control channel information raises a 
serious problem. 

Furthermore, since the pilot signal, which is required by 
the CDMA system, occupies a large ratio in down-link 
transmit power, if this mean power is reduced, then it is 
possible to increase a subscriber's capacity considerably. 

SUMMARY OF THE INVENTION 

An object of the present invention is to execute a pro- 
cessing required when a terminal moves between sectors by 
a smaller overhead. 

Another object of the present invention is to more effi- 
ciently transmit a control signal such as a pilot signal. 

These objects can be attained by the following system. 

According to the present invention, there is provided a 
radio communication system which comprises a plurality of 
base stations and a plurality of mobile terminals. The base 
station includes an antenna group composed of a plurality of 
antennas, a beam generating unit for generating arbitrary 
directional beams by applying a phase rotation to terminals 
of the antenna group, a traffic channel transmitting and 
receiving unit connected to a network for modulating and 
demodulating communication information, a beam selecting 
unit for combining a signal generated by the traffic channel 
transmitting and receiving unit and a transmitted direction 
and a base station control unit for controlling the traffic 
channel transmitting and receiving unit and the beam select- 
ing unit. The beam selecting unit receives a signal transmit- 
ted from a certain radio communication terminal by a 
plurality of beams, selects a beam having the strongest 
received power or a beam having an excellent communica- 
tion quality from the received beams or improves a signal 
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quality by combining a plurality of beams and receives such 
signal having an excellent signal quality. Upon transmission, 
the beam selecting unit selects a beam having the strongest 
received power in reception or a beam having an excellent 

communication quality and then transmits radio waves. 

Herein, the directional beam is arranged so as to overlap 
the adjacent beams, and control information such as a pilot 
signal, broadcast information, call connection information 
or paging information is transmitted from or received from 
the base station by omnidirectional beams. 

Alternatively, the base station transmits or receives call 
connection information, broadcast information, paging 
information and a pilot signal used in synchronization by 
different directional beams or the same directional antenna, 
and further transmits and receives the same information by 
the adjacent directional beam after a constant time elapsed, 
whereby an information beam is switched in such a manner 
that the same information may rotate in a clockwise or 
counter-clockwise direction when the base station equip- 
ment is seen from above. 

According to the present invention, a softer handoff 
within the same cell does not occur so that a channel need 
not be doubled, thereby making it possible to increase a 
subscriber's capacity. 

Further, according to the present invention, in a radio 
communication system using an array antenna, a directivity 
ripple of a control channel need not be compensated, and 
hence a ratio at which a control channel occupies a transmit 
power of a base station can be reduced. Furthermore, an 
interference of a pilot signal between the adjacent cells can 
be suppressed to the minimum, and hence a subscriber's 
capacity can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram used to explain a three - 
sector type radio communication base station according to 
the prior art; 

FIG. 2 is a schematic diagram showing an example in 
which control channel information and traffic channel infor- 
mation are transmitted by the same directional antenna 
according to the prior art; 

FIG. 3 is a directivity diagram of an antenna showing an 
example of a multi-directivity beam traffic channel reaHzed 
by omnidirectional control channel and array antenna 
according to the present invention; 

FIG. 4 is a block diagram showing a base station of a radio 
communication system according to the present invention; 

FIG. 5 is a partly-perspective block diagram showing a 
base station of a radio communication system according to 
the present invention; 

FIG. 6 is a diagram used to explain the manner in which 
a beam having each control information is rotated around a 
base station like a lighthouse according to the present 
invention; 

FIG. 7 is a diagram showing the manner in which a 
plurality of cells are adjoining to each other; 

FIG. 8 is a conceptual diagram showing the transmission 
state of control channel information; 

FIGS. 9 A and 9B are respectively diagrams used to 
explain a directional beam and information transmitted by 
such directional beam; 

FIGS. lOAand lOB are respectively diagrams showing an 
example in which there are less beams masked than those of 
not masked when a plurality of pilot signals are transmitted 
simultaneously; 



FIG. 11 is a diagram showing the received power pre- 
sented when an intermittent time of a pilot signal is not 

constant; 

FIG. 12 is a diagram showing the received power pre- 
5 sented when an intermittent time of a pilot signal is constant; 

FIG. 13 is a diagram showing the manner in which 
transmission angles of pilot signals are synchronized with 
each other between the adjacent cells; and 

FIG. 14 is a diagram used to explain the manner in which 
a plurality of pilot signals received at a terminal in a 
boundary area and traffic channel information are transmit- 
ted intermittently. 

DESCRIPTION OF THE PREFERRED 

15 EMBODIMENTS 
I. First Embodiment 

A first embodiment in which the present invention is 
applied to a CDMA mobile communication system, in 
particular, the TIA/EIA/IS-95-A which is the standard of the 

20 cellular radio communication system in the United States of 
America will be described hereinafter. 

FIG. 3 is a directivity diagram of an antenna according to 
the present invention. In this embodiment, a control channel 
differs from a traffic channel in antenna directivity pattern 

25 for transmission and reception. In FIG. 3, reference numer- 
als 50 to 54 denote traffic channel beams which are trans- 
mitted with a directivity to follow terminals. Reference 
numeral 58 denotes an omnidirectional control channel 
beam. Therefore, according to this embodiment, unlike the 

30 conventional fixed sector system, the control channel is 
transmitted by the omnidirectional beam so that a terminal 
10 seems to communicate with one base station 20. 
Accordingly, even when a terminal moves in the circumfer- 
ence direction about a base station, a base station with which 

35 a terminal is communicated is not changed. If there is 
provided one base station, then control information which is 
generated when handing-off is not transmitted and received 
between the base stations. On the other hand, although the 
base station receives a traffic channel from a terminal by a 

40 plurality of directivity antennas for traffic channel, the base 
station is able to understand by examining an electric field 
strength of the traffic channel the position at which the 
terminal is located and the direction in which the terminal is 
moved. Therefore, the base station may continue the traffic 

45 channel by transmitting the traffic channel to the decided 
direction even though the terminal moves among the sectors. 

FIG. 4 is a block diagram showing an example of a radio 
communication base station which enables the transmission 
pattern shown in FIG. 3 to be realized. 

50 As shown in FIG. 4, this base station includes an array 
antenna 17 for traffic channel and an omnidirectional 
antenna 11 for control channel. A traffic channel transmitter 
and receiver 3 connects with a network 9 to transmit 
information to the network 9 or to receive information from 

55 the network 9. Abase station controller 8 is connected to the 
traffic channel transmitter and receiver 3, a beam switcher 2 
and a beam generator 1. The base station controller 8 divides 
information received from the network 9 through the traffic 
channel transmitter and receiver 3 to provide control channel 

60 information and traffic channel information and transmits 
the control channel information to a control information 
transmitter and receiver 12 and transmits the traffic channel 
information to the beam switcher 2. The control channel 
information is spread and modulated by the control infor- 

65 mation transmitter and receiver 12 and then transmitted via 
the omnidirectonal antenna 11. A traffic channel is assigned 
to the traffic channel information by the beam switcher 2, 
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and further the direction of a directional beam is selected. 
The directivity beam and the traffic channel are connected 
under control of the base station controller 8. Further, the 
traffic channel information is spread, modulated and multi- 
plied with other traffic channel information by the beam 
generator 1 and then transmitted via the array antenna 17. 
Up-link/down-link channels and their antenna direction are 
controlled by base station controller 8 and further transmit- 
ted through the traffic channel transmitter and receiver 3 to 
the network 9. 

Although terminals are located in various directions 
within the cell, the base station controller 8 searches a beam 
having a largest electric field strength of traffic channel 
transmitted by a terminal during communication and com- 
mands the beam switcher 8 so as to select the searched beam 
or so as to combine signals received by a plurality of 
arbitrary beams, thereby realizing an up-link traffic channel 
in which an interference of other station is suppressed. 

Upon transmission, if a down-link traffic channel is real- 
ized by selecting a directivity beam received at the largest 
electric field strength upon reception, then it is possible to 
carry out a communication in which a power can be pre- 
vented from being transmitted to a useless direction. 
II. Second Embodiment 

A second embodiment in which the present invention is 
applied to a CDMA mobile communication system, in 
particular, the TIA/EIA/IS-95-A will be described below. 

In this embodiment, both of traffic channel information 
and control channel information are transmitted by direc- 
tivity beams. Control channel information, however, is 
transmitted with a phase difference (time difference) gener- 
ated at every sector, whereby an interference in an array 
antenna can be avoided and a ripple of a directivity pattern 
can be avoided. 

FIG. 5 is a partly-perspective block diagram showing a 
radio communication system according to the second 
embodiment of the present invention. In FIG. 5, elements 
and parts identical to those of FIG. 4 are marked with the 
same references. 

As shown in FIG. 5, there are provided a plurality of 
antennas 17 comprising an array antenna. 

In the beam generator 1, a directional beam and its output 
are associated in a one-to-one relation by a suitable method 
such as a digital beam forming (DBF) method. 

The beam switcher 2 associates information signals gen- 
erated by various information generating apparatus 4 to 7 
with a beam. 

The traffic channel transmitter and receiver 3 transmits or 
receives a communication signal thereby to make an inter- 
face with the network 9. This channel signal corresponds to 
each terminal, and controls a directivity beam in such a 
manner that the directional beam may follow the mobile 
terminal. The control of the beam is carried out by the base 
station controller 8 based on the reception level of the 
communication signal. 

A call connection information transmitter and receiver 4 
is a block which generates and manages connection man- 
agement information of a radio zone. While a terminal 
makes an outgoing call, the terminal transmits a call con- 
nection request to the base station, a terminator on the base 
station side of present information is the call connection 
information transmitter and receiver 4. The call connection 
request received at the call connection information trans- 
mitter and receiver 4 judges a radio channel situation of the 
base station, wire channel information for the network 9 and 
the state of the base station. The call connection information 
transmitter/receiver transmits channel assign message if 
channel assign is possible in response to the state of base 
station. 
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A broadcast information generator 5 is a block which 
generates information concerning management information 
and connection protocol such as transmission information of 
control channel and ID number of base station and which 
changes a format of broadcast information from the network 
9 in such a manner that the format of broadcast information 
may be matched with a radio format. 

A paging information generator 6 is a block which gen- 
erates incoming call information which reports an incoming 
call to the terminal, 

A pilot signal generator 7 is adapted to generate a pilot 
signal of the present base station. Channels relating to the 
elements 4 to 7 are called control channels for transmitting 
control information while the other channels are called 
traffic channels. 

The contents and the formats of any of the pilot signal, the 
paging information, the broadcast information and the call 
connection information are standardized by the aforemen- 
tioned TIA/EIA/IS-95-A. 

The base station controller 8 controls the transmission of 
the control channel information as follows: 

The base station controller 8 does not transmit the control 
channel information to all beams of a plurality of beams at 
the same time but transmits the control channel information 
to only a part of beams. After a constant time elapsed, the 
base station controller 8 changes the beams to the next beam, 
e.g. the adjacent beam to which the control channel infor- 
mation should be transmitted. If the base station controller 
8 repeats this transmission process, the method in which the 
control channel information is transmitted is presented by a 
transmission method in which a beam rotates around the 
base station at every constant time interval Hke a lighthouse 
as shown in FIG, 6. 

When this process is seen from the terminal side, a 
terminal 10 which is now receiving the pilot signal in FIG. 
6 does not receive control channel information any more 
during a constant time but receives broadcast information 
after a constant time elapsed. As described above, the 
control signals, such as the pilot signal, the broadcast 
information, the call connection information and the paging 
information are sequentially supplied to the terminal, and 
the terminal constantly receives such control signals repeat- 
edly after a constant period of time elapsed. As a result, an 
interference of beams does not occur from a principle 
standpoint. In addition, it is sufficient for the terminal to 
obtain only necessary information in synchronism with the 
rotation cycle of this control information. There is then 
presented the advantage that a life span of batteries of a 
terminal receiver may be prolonged. 

Further, in this embodiment, the pilot signal is transmitted 
intermittently but the direction in which the pilot signal is 
transmitted is changed successively. Let it now be assumed 
that there are disposed a plurality of adjacent cells as shown 
in FIG. 7. Then, a ratio of places in which intermittently- 
transmitted pilot signals interfere with each other is lowered 
and a probability in which the pilot signals from a plurality 
of adjacent cells will simultaneously be received at the 
terminal is considerably lowered so that an interference 
electric power of other cells can be reduced. In the base 
station system using the array antenna, since the traffic 
channel transmits radio waves only in the necessary 
direction, the interference electric power could be reduced. 
Furthermore, according to the embodiment of the present 
invention, an interference characteristic of the pilot signal 
which occupies a large ratio of the transmit power of the 
base station is improved, and hence a subscriber's capacity 
can be increased much more. 
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Although the pilot signal may be transmitted from a 
plurality of beams, in order to avoid an interference from the 
adjacent beam, it is effective to transmit the same pilot signal 
from beams of the number less than a half of the whole 
number of beams at maximum. 

The timing at which the control signal is transmitted 
intermittently will be described with reference to FIG. 8. The 
control information, such as the pilot signal, the broadcast 
information, the call connection information and the paging 
information need not be rotated at the same cycle. 

In the radio communication system of the CDMA system, 
the pilot signal is used as a synchronizing signal in the radio 
zone between the terminal and the base station. Therefore, in 
order to establish a synchronization by the pilot signal which 
is intermittently transmitted, the terminal has to operate by 
an internal clock while a signal is not received. Accordingly, 
if a time zone in which a signal is not transmitted is as short 
as possible, then it is possible to lower a required accuracy 
of synthesizers of the terminal and the base station. In a 
system in which a chip rate is 1 Mcps (chip per second) and 
the terminal allows a frequency variance of 0.1%, for 
example, if a synthesizer is a synthesizer of central fre- 
quency precision 1 ppm, it is necessary to supply a pilot 
signal at every 1 millisecond. 

Also, it takes a lot of time for the terminal to capture a 
pilot signal thereby to establish a synchronization. 
Therefore, at a certain point, the pilot signal has to be 
continuously received more than a constant period of time. 

In FIG. 8, each information is moved to the next beam at 
a constant time Atn. However, moving speeds of respective 
information elements are Atl, At2, At3, At4 and moving 
speeds which are individually determined with respect to 
respective information elements. In this case, although there 
occurs a time in which respective signals are overlapped, in 
the CDMA system, respective signals can be discriminated 
from each other by individual spreading codes, thereby 
avoiding an interference. 

The interval at which the above-mentioned control infor- 
mation is transmitted and the rotation speed are controlled 
by the base station controller 8. 

On the other hand, the up-link control information from 
the terminal to the base station has to be transmitted during 
a period in which beams of corresponding down-Hnk control 
information are oriented toward the terminal. The up-link 
control information is received at the array antenna 17. The 
beam switcher 2 improves a signal quality by selecting a 
beam having the strongest received power or a beam having 
an excellent communication quality or by combining a 
pluraHty of beams. As a method of combining beams, there 
are known the following methods: 

(1) Maximal-ratio combining method using a correlation 
output value of each beam as a weight; 

(2) CMA (Constant Modulus Algorithm); 

(3) Equal gain combining method such as adding output 
values of respective beams as they are; 

(4) RAKE combining method in which time delays are 
considered; 

(5) Method of totaling three beams of a beam having a 
maximum amplitude and adjacent beams. 

A synchronization of a spreading code in the CDMA 
system will be described next. 

In the DS/CDMA system, a synchronizing accuracy of a 
spreading code largely affects an error rate of a radio path. 
To increase the rotation speed of the pilot signal and to 
substantially increase a frequency of pilot signals supplied to 
the terminal by transmitting pilot signals from a plurality of 
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beams contribute to the improvement of the accuracy. 
However, when the terminal is energized or the terminal 
searches other connection destinations by a cell-search 
method during a communication, the terminal has to estab- 
Ush a synchronization from the state that a synchronization 
is not established between the base station and the terminal 
at all. 

The DS/CDMA system spreads and modulates an original 
code 0(t) by using both a short spreading code (short code) 
S(t) of a short period for effecting a primary spreading and 
a long spreading code (long code) L(t) of a long period for 
effecting a secondary spreading. Although the pilot signal 
may generally be spread in the form of 0(t)S(t)L(t) and then 
transmitted, the pilot signal may be spread by the short 
spreading code only and then transmitted in the form of 
0(t)S(t). The latter form is referred to as "state that the long 
spreading code is masked". The state that the long spreading 
code is masked can be detected by the receiver and used to 
establish the synchronization between the base station and 
the terminal. Specifically, the pilot signal is divided into a 
portion in which the pilot signal is spread only by the 
short spreading code S(t) and a portion Pj^ in which the pilot 
signal is spread by using both the short spreading code S(t) 
and the long spreading code L(t), and then the portion and 
the portion P^ are transmitted one after another. Thus, the 
terminal can establish a synchronization with respect to only 
the short spreading code S(t) and reproduce a timing of a 
code with ease. 

FIGS. 9A and lOA are diagrams showing the thus trans- 
mitted pilot signals by a beam position of a certain time. On 
the other hand, FIGS. 9B and lOB are diagrams showing a 
time transition of one beam. 

While FIGS. 9 A and 9B illustrate the example in which 
the number of the pilot signal in which the long spreading 
code is masked and the number of the pilot signal P^ in 
which the long spreading code is not masked are set to a 
one-to-one relationship, it is sufficient that there is at least 
one pilot signal P^ in which the long spreading code is 
masked in a beam group. As shown in FIGS. lOA and lOB, 
for example, if there are provided one pilot signal P^ in 
which the long spreading code is masked and four pilot 
signals P^ in which the long spreading code is not masked, 
then there can be achieved similar effects. 

A relationship between an intermittent time of a pilot 
signal and a synchronization accuracy will be described 
below with reference to FIGS. 11 and 12. FIG. 11 shows the 
received power presented when the intermittent time of the 
pilot signal is not constant. FIG. 12 shows the received 
power presented when the intermittent time of the pilot 
signal is constant. 

In order to maintain a synchronization, during a period 
between the time when the terminal finishes to receive a 
pilot signal and the time when the terminal receives the next 
pilot signal, the terminal should use an internal clock. The 
above-mentioned period is determined by a maximum time 
At in the intermittent time of the pilot signal. Thus, the 
maximum time At should be shorter than the time during 
which the terminal can maintain the synchronization by the 
internal clock. However, when an interval in which the 
terminal receives the pilot signal is not constant, it is 
frequently observed that a synchronization characteristic is 
deteriorated. Therefore, the interval of the beam should 
always preferably be constant as shown in FIG. 12. 

A method of avoiding an interference of pilot signals 
between the cells will be described next. 

FIG. 13 is a diagram showing a radio communication 
system comprising a plurality of cells. In FIG. 13, reference 
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numerals 35 to 38 denote beams of the pilot signals spread 
by the short spreading codes in which the long spreading 
codes are masked. 

It is very difficult to determine a specific base station from 
which a pilot signal for establishing a synchronization is 
transmitted, in particular, at the boundary portion of the 
cells. Alternatively, it is also very difficult to discriminate a 
pilot signal from multipath caused by a strong reflecting 
material or the like. As a consequence, there occurs a trouble 
in establishing an initial synchronization such as when the 
terminal is energized. 

Therefore, if the beams 35 to 38 with the pilot signals for 
synchronization in which the long spreading codes are 
masked are oriented in the same direction among a plurality 
of cells as shown in FIG. 13, then an interference becomes 
difficult to occur, and hence it becomes possible to prevent 
the terminal located at the boundary area from simulta- 
neously receiving a plurality of pilot signals in which the 
long spreading codes are masked. As a method of synchro- 
nizing the angles of the pilot signals among a plurality of 
cells, there are known the following methods: 

(A) Each base station has a GPS (Global Positioning 
System) to synchronize an angle of a pilot signal to a 
GPS clock; 

(B) Each base station obtains initial synchronization from 
a clock of network; and 

(C) A plurality of base stations are ranked and a low-order 
base station receives and judges a signal from a 
highest-order base station on the basis of a phase, 
whereafter the low-order base station automatically 
corrects the angle of the pilot signal in such a manner 
that the pilot signal in which the long spreading code is 
masked is oriented in the opposite direction of the 
direction from which the base station receives the pilot 
signal. 

So long as the pilot signals in which the spreading codes 
are masked are not simultaneously received by the terminal 
located at the boundary area, other methods may be used 
with similar action and eifects being achieved although the 
angles of the pilot signals are deviated a little. 

A method of reducing an influence exerted by the pilot 
signal from the adjacent cell will be described next. In FIG. 
13, a signal received by the terminal 10 located at the 
boundary of a cell 64 is considerably affected by a pilot 
signal which is transmitted from a base station of other cell 
62. Accordingly, a power has to be controUed at a timing in 
which the terminal 10 receives a pilot signal from the 
adjacent cell 62. 

The terminal generally includes more than two receivers 
to constantly effect the cell-search during a communication. 
The terminal 10 memorizes therein a time difference 
between a reception time of a pilot signal of a close cell 
which will cause a largest interference at that time and a 
reception time of a pilot signal from a base station with 
which the terminal 10 is now communicated, and then 
reports the reception times and the time difference through 
the traffic channel to the base station with which the terminal 
10 is now being communicated. In the CDMA system, since 
a signal quality is most deteriorated at the timing in which 
an interference becomes largest, if the base station previ- 
ously obtains a timing at which a pilot signal arrives from 
other cell, then the power of a traffic channel can be 
controlled more efficiently. 

Another method will be described with reference to FIG. 
14. 

In FIG. 14, reference numeral 39 denotes an terminal 
received power of a pilot signal from a base station with 
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which the terminal is now being communicated. On the 
other hand, reference numeral 40 denotes a terminal 
received electric power of a pilot signal from the adjacent 
base station which causes the largest interference. The 
terminal reports a phase difference A between the electric 
powers 39 and 40 to the base station with which the terminal 
is now being communicated. Based on the reported result, 
the base station, which is now being communicated with the 
terminal, interrupts the transmission of the traffic channel 
information. Thus, although a data rate is decreased a little, 
there can be achieved the efl'ects such that an influence of an 
interference can be reduced and that a communication 
capacity can be increased. 

The radio communication system according to the present 
invention has been described so far, highlighting mainly the 
pilot signal. Incidentally, although beams may be rotated at 
the individual rotation speeds with respect to the call con- 
nection information, the broadcast information and the pag- 
ing information as earlier noted, the present invention is not 
limited thereto, and the beams may be rotated at the same 
revolutions with respect to the call connection information, 
the broadcast information and the paging information. At 
that time, if the caU connection information, the broadcast 
information and the paging information are respectively 
transmitted by different beams, then the number of control 
channel information transmitted to the same beam can be 
decreased, and hence an interference to the cell can be 
reduced much more. 
III. Modified Examples 

Modified examples according to the present invention will 
be described below. 

The radio communication system according to the present 
invention has been described so far, highlighting mainly the 
CDMA system. However, an interference between the 
beams is not related to a particular multiple access system, 
and other multiple access systems such as TDMA (time 
division multiple access) system and FDMA (frequency 
division multiple access) system impose similar problems. 
Further, the present invention may be applied to systems of 
other CDMA system than the above-mentioned TIA/EIA/ 
IS-95-A. 

Recently, there is proposed a base station of a floating 
sector type using an array antenna. This base station of the 
floating sector type may be understood as a multi-sector base 
station having a directional antenna in which an antenna 
pattern is partly overlapped. In such system, an interference 
characteristic, in particular, is deteriorated in the portion in 
which the directivity is overlapped. The present invention 
may effectively be applied to such floating sector type 
system. 

Having described preferred embodiments of the invention 
with reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise 
embodiments and that various changes and modifications 

could be effected therein by one skilled in the art without 
departing from the spirit or scope of the invention as defined 
in the appended claims. 
What is claimed is: 

1. A cellular radio communication system comprising a 
plurality of base stations and a plurality of terminals and in 
which one cell is divided into a plurality of sectors, wherein 
each of said plurality of base stations transmits and receives 
control information by a directional beam with a time 
difference of the same information in a plurality of sectors 
within one cell and transmits and receives traffic information 
by a directional beam, wherein said directional beam for said 
control information is transmitted in such a manner that it is 
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rotated when said base station is seen from above, and 
wherein channels are multiplexed by a CDMA system, 
wherein said CDMA system shall be in accordance with the 
TIA/EIA/IS-95-A and said control information are a pilot 
signal, call connection information, broadcast information 
and paging information, and wherein a plurality of base 
stations which are located close to each other transmit pilot 
signals with a synchronization of transmission angles of said 
pilot signals, wherein said plurality of base stations which 
are located close to each other are ranked according to signal 
phase order, each said base station receives the adjacent pilot 
signal of higher order signal phase and transmits a pilot 
signal in the direction opposite to the direction from which 
said pilot signal is received, thereby synchronizing trans- 
mission angles of pilot signals of a plurality of base stations. 

2. A cellular radio communication system comprising a 
plurality of base stations and a plurality of terminals and in 
which one cell is divided into a plurality of sectors, wherein 
each of said plurality of base stations transmits and receives 
control information by a directional beam with a time 
difference of the same information in a plurality of sectors 
within one cell and transmits and receives traffic information 
by a directional beam, wherein said directional beam for said 
control information is transmitted in such a manner that it is 
rotated when said base station is seen from above, and 
wherein channels are multiplexed by a CDMA system, 
wherein said CDMA system shall be in accordance with the 
TIA/EIA/IS-95-A and said control information are a pilot 
signal, call connection information, broadcast information 
and paging information, and wherein a plurality of base 
stations which are located close to each other transmit pilot 
signals with a synchronization of transmission angles of said 
pilot signals, wherein each terminal includes more than two 
receivers, searches cells of other base station than a present 
communicated base station, memorizes and reports an 



arrival time and a cycle of a pilot signal from other base 
station than said presently communicated base station to said 
presently communicated base station and said presently 
communicated base station controls a transmit power in 
accordance with said arrival time and said cycle of said pilot 
signal. 

3. A cellular radio communication system comprising a 
plurality of base stations and a plurality of terminals and in 
which one cell is divided into a plurality of sectors, wherein 
each of said plurality of base stations transmits and receives 
control information by a directional beam with a time 
difference of the same information in a plurality of sectors 
within one cell and transmits and receives trafQc information 
by a directional beam, wherein said directional beam for said 
control information is transmitted in such a manner that it is 
rotated when said base station is seen from above, and 
wherein channels are multiplexed by a CDMA system, 
wherein said CDMA system shall be in accordance with the 
TIA/EIA/IS-95-A and said control information are a pilot 
signal, call connection information, broadcast information 
and paging information, and wherein a plurality of base 
stations which are located close to each other transmit pilot 
signals with a synchronization of transmission angles of said 
pilot signals, wherein each terminal includes more than two 
receivers, searches cells of other base station than a pres- 
ently communicated base station, memorizes and reports a 
phase difference between a pilot signal of said presently 
communicated base station and a pilot signal of said base 
station other than said presently communicated base station 
to said presently communicated base station, and said pres- 
ently communicated base station does not transmit traffic 
information during a time corresponding to said phase 
difference. 
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PROBLEM TO BE SOLVED: To remove a sneak interference 
signal component by sneaking a transmission signal from a 
transmitting antenna into a receiving antenna constituting 
plural branches, receiving a sneak interference signal, 
canceling a sneak wave through each of branches with a 
canceler, synthesizing these outputs through a coupler and 
performing diversity synthetic reception repetition. 
SOLUTION: Information from a transmission line information 
controller 7 is outputted to a replica generator 8, and a signal 
stored in a buffer memory 6 is outputted as the replica signal 
of the sneak interference signal. In a subtracter 9, the output 
signal of the replica generator 8 is subtracted from the output 
signal of an orthogonal detector 4 and outputted as a 
canceler output signal. In the beginning of reception start, 
however, the cancel signal is not outputted so that the 
received signal is outputted as a canceler output signal as it 
is. In a coupler 10, the output signal from the subtracter 9 of 
each branch composed of plural antennas is outputted as a 
synthetic signal by performing diversity synthesis. 
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A mobile station (2), for use in a 
communication system comprising plural 
base stations (4) controlled by a base station 
controller (6), comprises a receiver (50, 52, 
54) for receiving signals from plural base 
stations which together comprise a set of 
candidate base stations. The mobile station 
determines power in the received signals, 
and compares the power with a first 
threshold value. The mobile station (2) 
identifies base stations (4) whose signals 
have a received power greater than the first 
threshold value and transmits a signal to the 




controller (6) representing identified base 
stations as being suitable for inclusion in an 
active set. The measured pilot energy of each 
pilot in the candidate set is iteratively 
compared against a threshold generated in 
accordance with the sum of the energies of 
the pilots in the active set. If the strongest 
pilot in the candidate set satisfies this 
threshold condition, it is added to the 
revised active set. A second iterative process 
is performed to determine whether a pilot 
should be deleted from the revised active 
set. The mobile station (2) determines 
whether a change to the current active set is 
desirable by measuring the energies of the 
pilots in the active set and the candidate set, 
and dynamically adjusting the necessary 
thresholds based on its own estimation of 
the communication environment. 
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-try bH#^tL^i/^) ^ilfaJg (^-b y h-C^b-^o l^4(7)-lry b (A'ftfe<7)^T(7)^J^;a^ 
[ 0 0 0 8 ] 
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75^< LT. C0MBINED_PIL0Tfg^^-Xiti.T/5^^ttl::# tv^ t /^°^ n -7 h {iil^iE $ tlfc 

t^. mm^-y }^i()^h^t^fih-<^'(^^^o ^ (1) isxzr (2) ;$^f>JiJlT^^'^5i*T^# 

S o 

[^3] 
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i;*Hii-H+^'e^:g>C0IVIBINED_PILOTcOfat LT^$ tt-^o X. (T^ffi^MllM 

^^^j-ftXi '^^tLg#f:^SLT^ J: V^o LT. L A ^ =1.5, A^ =3, X2 = -7.11 

dB, j3 j:0^Tn„n. = -12.44 dB;^Pj. ±|S^ (1) - (5) J; I9 SOn"_SLOPE= 2 . ADD 
_Ilsn"ERCEPT= 4.78 d B, DROP_IKrTERCEPr= 1.78 d 8*3 J: CJf= X 1 = - 7 . 61 d B-C ^) :|> o 
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iaMtiJtPg? 6 -e|!P#^SfiStSftW^^tf1-;5, i t ^jMttSo mMiM.2 \tm 3 t^r^LTJi 

M4 ^ii LT^MMtUtPtf 6 l^llilE? tLfcfS^td-tr y hc?)^ > /t- ^ ^^7^-ti> ^ y^-'J ^ 
^7 h tctifeoT^lg^ tt7t#^§-mp-|--?>7ti6> ilMfi^-Y 6 4 A-6 4N=^ 
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*L^o ^ Tt'T'n y 2 0 4 llfeV^T. 7°^^ (i) ;^?Hlt 1 ^0 ffi-f h ? ^ o •7^n >7 

i'^h^Z, ^^'r:^7k> ^'^^^•^^•dk'm^ ^ fz^mt^ o Pen- liC]0MBINED_PILOTcoJl^fitH 
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4) LPd n y h^^^;v^--^5M'fitYiS'Mx.^ 4- 1^. '^^n.fiy'n ^ 2 0 8 l^fjj < 
o ^■'n y ^' 2 0 8 liioV^T. n y h g^JtrlO^ p^ y -b- y CPSM/l)ij: ^g|?M 2 n 
-y h Pel -h^f^W}^ y h t^lillx. 6ti-2> :i t ^^^LTv^;&^M.4 icjif^tt^o ^WM 4 Ij; 

tt n y h P, ^ ^ jjp X. tzibm^M. 2 ^ L T -b - v =^ j!§-t!) -fe ^ 
bl^M^o ■7'ny^2 1 QKio^^X^ CQMBINED_PILOT(75|ff H/^'fit:6^lt^$:K.. ^titiCOM 
BINED_PIL0Tc??^V^'f^t^I/^°'1' U y Y CO^^- )V ^ -/ ^ P. L ;t 4) O # L V^o 'T'^O y 

^2 1 2 t^jsv^T. ( i ) tmtw^ii^o 

[ 0 0 4 4] 

fxjy^ 2 1 3 1^*3V^t:. I^IHriy Y <r)-^X <r) /^-^ u y Yi^m^^Htzt'^^t^^tim'^^ 
[ 0 0 4 5 ] 

■T'n 7^218 t^^sv^T. ;v- y^l: i ij^ l *t^o "T^n -7^220 l^i^v^T. 

Pa 1 ^ ^^-t ^ fz i6C0MBINED_PILOT^s|t^ $ ^ o C0MBINED_PILOTc7)ffi mAKX^W) -b 

n>7 y(Dm]'m^^)^^^-<D^mz.^\^<m.'m^n^. mni*-^? tL-Cv>;^)/^' 
'Y^7 h J: ^>:^:i: v^ai^->;w^-=g:;t'-|-i>o < LT. C0MBiNED_PiLar{±:^^ti j: St 

[^61 

COMBINED_PILOT= J^P^^. (6) 
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iTu y ^ 2 2 2 joV>T. g^ltg tirv^^m^^M n -y h ^^COMBINED PILOTcQftW ^ 
fcfitlcls&o-C^^? tifcilfg (Y2) icMLTibi^? tt^o M:^S^*it^Jtc*3i/^-C. Mffi 

o 

[0 0 4 8] 

4) L?|iJ^^ tt7t/N°^ n 7 h^^>;v^'-P^,:^5|i|fjtY2^Mx.'^v^^ tb. ^<7) t i^^lttKi 'J' 
O v ^ 2 2 6 til < o 2 2 6 IC^3 T. P^ , c7)T-r „ ro p ^ ^ - ? tLfc /^^^ 

*L^o 4j LTroROP^-l'-^-^^J^'ll-T^ttTt^fj. ^ 2 2 ^\^^\^^ 

^ i: l'PSMVI^3i;|>^ 4 Itikm^t^"^ ^ y - v ^ 1^ i9 . 5lttt 

(i^^n y 2 3 0 Hittfo ^3 L y^^n y 2 2 6 ti*3V^T. P^i ct^Ttdrop ^-i' "^-^^I^T L 

5^55^07^ P?. -e^T) t ^m.ti\t'MM'f^ y 2 3 0 KMtfo ■7'n y 2 3 0 ;V 

-•r^^ ( i ) ij^i^m^fl&o y ^ 2 3 2 tiiSV^T. ^SKf-b^7 > P^i <7)^/n° 

o 4) USiij-tr y n '7 ti'^p^^ofc?^ ^(7) t ^ yfttLti y n y ^ 2 2 

[ 0 0 4 9 ] 

^ 7 f±^|&|l§(^f1^fijc0^^llEI^:^-ro ^x- t^ttfc/N- i- n y P,,.^^i£P-by f 7 0 0 
t^^^^ ^.^a^^) Lti^v^o 4) L/nM ny hP„^<7)Ec/I^^^I|<itX^Bo^Mx.&>&P.. ^<Dt^^ 
^\t nmU 2 liJ; V) f^ffi-tr ^7 ^ HMx. 'fc L/^°-< n y b Pc^ ^ h 7 0 2 H 

^«9, ^(7?E,/Io^5Mf[tT,,opiy.Tl:i^TL. ^'T^Tj^^o?^ -^-m^T-r^^Jih. ^<Dh 
|MMa2 m; igf^^S-tr '7 h 7 0 2 ^-^ho&m^y h 7 0 0 KmM]^i^^<. ^tLP^ 2 oco# 
^Tiiiae cD-J^n >7 2 0 0 II^JSLT. 'Kffi-fey ^/&^^>/^M n y h (7)lip||^i: tL 

[ 0 0 5 0 ] 

^,L/NMnyhP,, <75Ec/Io^M^^i-k y M::i3V>TJ:|55^ (1) T^^$ J; 

^ l::itj&9MfitYl^Mx.^'^P?> '^(^i; PSIVM7 0 6 2 KX^ ?,,tmm^y V 7 

0 8 KM^^^^ ^ t ^W^LTV^:g) XaM 4 l::M'^^'&o )S^tC*3V>T, 4 (i, 

VSitl-t 7 h 7 0 8tC^:&o 2 ^'7)m~T\im 6 (Dy-'U y ^ 2 0 2 - 2 1 3 t;?ft^&LT 

[ 0 0 5 1 ] 

?bL/^°'<^>7 h P«, ^E,/I„;6^ ?SftJj-b 7 h tiis v^Tfij&^jMffiY 2 J; I9 /h $ < , t^^^<DT 

mt^ii^^t^^M-r^mMM.4Km&o m^tLx. ^mm 4 a. p^, ^^r-n^/z 

lsbmMlM.2 ^^mLX\^^i,Qm^mW)'^y h;5^P^^«-tr 7 b 7 0 2 K^^o ^flh 2^(D 
#tf am 6 (n^u 7^^214-228 l^^)SLTie^?tL;to 
[ 0 0 5 2] 

5bL/^°-<^y hPft^cJOEc/IoT^^ ?^i!j-by i/^TBIfitTB^op J: I9 /h $ < , j^^o^cT^T-rB 

ROP ^-<-7-7&^'*?^T-f-^?^^>. MMfi2 (i:PSIVM7 0 4 n y > P^, 1 5?)^l!&t& -Ir ^7 

MfilM2 ^eaLTV^^EHDM^Vgrgj-b y b;d^t>ia^-by h 7 0 0 t^^.^n itLf,2oc7?# 
t:: o i/> T (i ^ ^ ;}t v> o 

[ 0 0 5 3] 

tt-e nr i::^^ ? tt ^1) o ^ a ^ *%fiJ t::^^^ "T ffi^ (D if'^ii \^mM \.tz^\^ 
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(57) Abstract 

A mobile station (2), for use 
in a communication system compris- 
ing plural base stations (4) controlled 
by a base station controller (6), com- 
prises a receiver (50, 52, 54) for re- 
ceiving signals from plural base sta- 
tions which together comprise a set 
of candidate base stations. The mo- 
bile station determines power in the 
received signals, and compares the 
power with a first threshold value. 
The mobile station (2) identifies base 
stations (4) whose signals have a re- 
ceived power greater than the first 
threshold value and transmits a sig- 
nal to the controller (6) representing 
identified base stations as being suit- 
able for inclusion in an active set. 
The measured pilot energy of each 
pilot in the candidate set is iteratively 
compared against a threshold gener- 
ated in accordance with the sum of 
the energies of the pilots in the ac- 
tive set. If the strongest pilot in the 
candidate set satisfies this threshold 
condition, it is added to the revised 
active set. A second iterative process 
is performed to determine whether a 
pilot should be deleted from the revised active set. The 
by measuring the energies of the pilots in the active set 
its own estimation of the communication environment. 
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mobile station (2) determines whether a change to the current active set is desirable 
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A METHOD OF AND APPARATUS FOR SELECTING BASE 
STATIONS TO COMMUNICATE WITH A REMOTE STATION 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention relates to a method of and apparatus for 
selecting base stations to communicate with a remote station. The present 
10 invention can be used for performing hand-off in a wireless communication 
system. 

II. Description of the Related Art 

15 The use of code division multiple access (CDMA) modulation 

techniques is but one of several techniques for facilitating communications 
in which a large number of system users are present. Although other 
techniques, such as time division multiple access (TDMA), frequency 
division multiple access (FDMA) and AM modulation schemes such as 

20 amplitude companded single sideband (ACSSB) are known, CDMA has 
significant advantages over these other modulation techniques. The use of 
CDMA techniques in a multiple access communication system is disclosed 
in U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE 
ACCESS COMMUNICATION SYSTEM USING SATELLITE OR 

25 TERRESTRIAL REPEATERS" and U.S. Patent No. 5,103,459, entitled 
"SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN 
A CDMA CELLULAR TELEPHONE SYSTEM", both of which are assigned to 
the assignee of tiie present invention and are incorporated by reference. The 
method for providing CDMA mobile communications was standardized by 

30 the Telecommunications Industry Association in TIA/EIA/IS-95-A entitled 
"Mobile Station-Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System". 

In the just mentioned patents, a multiple access technique is disclosed 
in which a large number of mobile telephone users, each having a 

35 transceiver, communicate through satellite repeaters or terrestrial base 
stations (also known as cell base stations or cell-sites) using code division 
multiple access (CDMA) spread spectrum communication signals. In using 
CDMA communications, the frequency spectrum can be reused multiple 
times thus permitting an increase in system user capacity. The use of CDMA 
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techniques results in much higher spectral efficiency than can be achieved 
using other multiple access techniques. 

A method for simultaneously demodulating data that has traveled 
along different propagation paths from one base station and for 
5 simultaneously demodulating data redundantly provided from more than 
one base station is disclosed in U.S. Patent No. 5,109,390 (the '390 patent), 
entitled "DIVERSITY RECEIVER IN A CDMA CELLULAR 
COMMUNICATION SYSTEM", assigned to the assignee of the present 
invention and incorporated by reference herein. In the '390 patent, the 

10 separately demodulated signals are combined to provide an estimate of the 
transmitted data v^hich has higher reliability than the data demodulated by 
any one path or from any one base station. 

Handoffs can generally be divided into two categories- hard handoffs 
and soft handoffs. In a hard handoff, when a mobile station leaves and 

15 origination cell and enters a destination cell, the mobile station breaks its 
communication link with the origination cell and thereafter establishes a 
new communication link with the destination cell. In soft handoff, the 
mobile station completes a commimication link with the destination cell 
prior to breaking its commimication link with the origination cell. Thus, in 

20 soft handoff, the mobile station is redundantly in communication with both 
the origination cell and the destination cell for some period of time. 

Soft handoffs are far less likely to drop calls than hard handoffs. In 
addition, when a mobile station travels near a cell boundary, it may make 
repeated handoff requests in response to small changes in the environment. 

25 This problem, referred to as ping-ponging, is also greatly lessened by soft 
handoff. The process for performing soft handoff is described in detail in 
U.S. Pat. No. 5,101,501, entitled "METHOD AND SYSTEM FOR PROVIDING 
A SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR 
TELEPHONE SYSTEM'" assigned to the assignee of the present invention 

30 and incorporated by reference herein. 

An improved soft handoff technique is disclosed in U.S. Pat. 
No. 5,267,261, entitled "MOBILE STATION ASSISTED SOFT HANDOFF IN 
A CDMA CELLULAR COMMUNICATIONS SYSTEM", which is assigned to 
the assignee of ihe present invention and incorporated by reference herein. 

35 In the system of the '261 patent, the soft handoff process is improved by 
measuring the strength of "pilot" signals transmitted by each base station 
within the system at the mobile station. These pilot strength measurements 
are of assistance in the soft handoff process by facilitating identification of 
viable base station handoff candidates. 
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The viable base station candidates can be divided into four sets. The 
first set, referred to as the Active Set, comprises base stations which are 
currently in communication with the mobile station. The second set, 
referred to as the Candidate Set, comprises base stations which have been 
5 determined to be of sufficient strength to be of use to the mobile station. 
Base stations are added to the candidate set when their measured pilot 
energy exceeds a predetermined threshold Tadd- The third set is the set of 
base stations which are in the vicinity of the mobile station ( and which are 
not included in the Active Set or the Candidate Set). And the fourth set is 

10 the Remaining Set which consists of all other base stations. 

In an IS-95-A communication system, the mobile station sends a Pilot 
Strength Measurement Message when it finds a pilot of sufficient strength 
that is not associated with any the of the Forward Traffic Channels currently 
being demodulated or when the strength of a pilot that is associated with 

15 one of the Forward Traffic Channels being demodulated drops below a 
threshold for a predetermined period of time. The mobile station sends a 
Pilot Strength Measurement Message following the detection of a change in 
the strength of a pilot under the following three conditions: 

20 1. The strength of a Neighbor Set or Remaining Set pilot 

is found above the threshold Tadd- 
2. The strength of a Candidate Set pilot exceeds the 
strength of an Active Set pilot by more that a threshold 
(TcoMp)- 

25 3. The strength of a pilot in the Active Set of Candidate 

Set has fallen below a threshold (Tdrop) for greater than 
a predetermined time period. 

The Pilot Strength Measurement Message identifies the base station and the 

30 measured pilot energy in decibels. 

A negative aspect of soft handoff is that because it involves 
redimdantly transmitting information it consumes the available 
communication resource. However, soft handoff can provide great 
improvement in the quality of communication. Therefore, there is a need 

35 felt in the art for a method of minimizing the number of base stations 
transmitting redundant data to a mobile station user which provides 
sufficient transmission quality. 
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SUMMARY OF THE INVENTION 

According to one aspect of the invention there is provided a 
method for selecting base stations to communicate with a remote station 
5 comprising: measuring, in said remote station, a combination of signal 
energies over a predetermined time period from base stations capable of 
communicating with said remote station; computing, in said remote station, 
a first threshold value in response said measurement; comparing, in said 
remote station, a signal energy of a first base station with said first threshold; 

10 and selecting, in said remote station, said first base station when said signal 
energy of said first base station exceeds said first threshold. 

According to another aspect of the invention there is provided a 
mobile station for use in a communication system comprising plural base 
stations controlled by a base station controller, the mobile station 

15 comprising: a receiver for receiving signals from plural base stations which 
together comprise a set of candidate base stations; means for determining 
power in the received signals; first means for comparing the power in the 
received signal with a first threshold value; means for identifying base 
stations whose signals have a received power greater than the first threshold 

20 value; and means for transmitting a signal to the controller representing 
identified base stations as being suitable for inclusion in an active set. 

The present invention is embodied in a novel and improved method 
and apparatus for providing soft handoff in a mobile communication 
system. It should be noted at the outset, that one of the biggest problems 

25 with current systems is that the members of active set are determined in 
accordance with comparisons of measured pilot energy with fixed 
thresholds. However, the value of providing a redundant communication 
link to a mobile station depends strongly on the energy of other signals 
being provided to the mobile station. For example, the value of redundantly 

30 transmitting to a mobile station a signal with received energy corresponding 
to a pilot strength of -15 dB will not be of much value, if the mobile station 
is already receiving a transmission with signal energy corresponding to a 
pilot strength of -5dB. However, redundantly transmitting to a mobile 
station a signal of received energy corresponding to a pilot strength of -15 dB 

35 may be of substantial value, if the mobile station is receiving transmissions 
with signal energy corresponding to a pilot energy of only -13dB. 

At the mobile station, in determining whether to send a message 
indicating that a pilot from the candidate set should be moved to a revised 
active set, the measured pilot energy of each pilot in the candidate set is 
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iteratively compared against a threshold generated in accordance with the a 
variable COMBINED_PILOT which is the sum of the energies (i.e. the Ec/Io) 
of the pilots in the active set. In the preferred embodiment, the optimum 
value of this threshold is determined by the mobile station itself, without 
5 the need to send these thresholds over the air or to verify the mobile station 
requests at the base station. If the strongest pilot in the candidate set satisfies 
this threshold condition, it is added to the revised active set, and 
COMBINED_PILOT is recomputed to include the newly added pilot signal. 

Following the iterative process performed on the members of the 

10 candidate set, a second iterative process is performed to determine whether a 
pilot should be deleted from the revised active set. In this operation, pilots 
are tested from the weakest member of revised active set to the strongest. A 
COMBINED_PILOT energy value is computed that is the sum of the 
energies of all pilots belonging to the active set. A threshold value is 

15 generated in accordance with the COMBINED_PILOT value as described 
above and the pilot signal being tested is compared with the threshold. 
Again, this threshold is determined at the mobile station in order to avoid 
excessive signaling. If a pilot has been below the threshold value for a 
predetermined period of time, a message would be sent to the base station 

20 indicating that such a pilot should be dropped. 

The revised active set list is transmitted to the base station controller 
through the base stations with which the mobile station is in 
communication. The base station controller sets up the communication 
links with the base stations in the mobile generated revised active set list 

25 and generates an acknowledgment for the mobile station when the links are 
set up. The mobile station then conducts communications through the base 
stations of the revised active set. 

In the preferred embodiment, the mobile station monitors the pilot 
signals and in response to the monitored pilot signals the mobile station 

30 compiles members of the candidate set. Moreover, the mobile station 
determines whether a change to the current active set is desirable in view of 
the criteria discussed above by measuring the energies of the pilots in the 
active set and the candidate set, and dynamically adjusting the necessary 
thresholds based on its own estimation of the communication 

35 environment. Upon determining any change in the desired membership of 
the active set, the mobile station generates a pilot strength measurement 
message that as described above includes the identities of all pilots in the 
candidate and active sets, their corresponding measured energy values, and 
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a corresponding indication whether the pilot should remain in the sets or be 
moved into the neighbor set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description of an embodiment of 
the invention set forth below when taken in conjunction with the drawings 
in which like reference characters identify correspondingly throughout and 
10 wherein: 

FIG. 1 is an illustration of a cellular commxmication network; 
FIG. 2 is an illustration of the cellular communication network of 
FIG. and includes a base station controller; 

FIG. 3 is a block diagram of a mobile station embodying the present 
15 invention; 

FIG. 4 is a block diagram of a base station embodying the present 
invention; 

FIG. 5 is a graph of dynamic thresholds versus combined energies of 
pilots in an active set, illustrating the linear operations performed on soft 
20 handoff parameters; 

FIG. 6 is a flow diagram of a method for generating a revised active set 
in the mobile station; and 

FIG. 7 is state diagram illustrating the operation of the present 
invention. 

25 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates wireless communication network in which the 
30 geographical area has been divided up into coverage areas referred to as cells 
and illustrated by a set of adjacent hexagons. Each cell is served by a 
corresponding base station 4. Each base station 4 transmits a pilot signal 
which imiquely identifies that base station. In the exemplary embodiment, 
the base stations 4 are CDMA base stations. A detail description of soft hand- 
35 off in a wireless CDMA communication system is described in detail in the 
aforementioned U.S. Patent Nos. 5,101,501 and 5,267,261. 

Mobile station 2 is located within the cell served by base station 4A. 
Since mobile station 2 is located near the cell boundary, it will likely be in a 
soft hand-off condition, in which it is simultaneously in communication 
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with more than one base station. It may, for example be in communication 
with base stations 4A and 4B. Thus, base stations 4A and 4B are said to make 
up the active set. Moreover, it may be that mobile station 2 has determined 
other base stations in its vicinity to have a measured pilot energy above a 
5 predetermined threshold Tadd/ but that those base stations are not currently 
in communication with the mobile station. Those pilots are said to make 
up the candidate set. The candidate set could be made up of base stations 4C 
and 4G. 

Referring to FIG. 2, a typical communication network is illustrated. 

10 Data directed to mobile station 2 is provided from a public switched 
telephone network or other wireless system (not shown) to base station 
controller 6. Base station controller 6 provides the data to the base stations 
in mobile station 2's active list. In the example, base station controller 6 
redundantly provides data to and receives data from base stations 4A and 4B 

15 The present invention is equally applicable to conditions where each 

cell is divided into sectors. Commimications to and from each sector can be 
separately received and demodulated by mobile station 2. For simplicity, the 
discussion will be described wherein in each base of base station 4 are 
tmiquely located base stations. However, it will be readily seen by one 

20 skilled in the art that the present invention is equally applicable to sectored 
cells, simply by considering the possibility that the base stations can be 
collocated and transmitting to separate sectors within a cell. The condition 
where a mobile station is in simultaneous communication with more than 
one sector of a cell is referred to as softer handoff. The method and 

25 apparatus for performing softer hand-off are described in detail in copending 
U.S. Patent Application No. 08/144,903, entitled "METHOD AND 
APPARATUS FOR PERFORMING HANDOFF BETWEEN SECTORS OF A 
COMMON BASE STATION", filed October 30, 1993, which is assigned to the 
assignee of the present invention and incorporated by reference herein. 

30 Within mobile station 2, each copy of the data packet is separately 

received, demodulated and decoded. The decoded data is then combined to 
give a estimate of the data of greater reliability than any one of demodulated 
estimates of the data. 

FIG. 3 illustrates a mobile station 2 in greater detail. Mobile station 2 

35 continuously or at intermittent intervals measures the strength of pilot 
signals of base stations 4. Signals received by antenna 50 of mobile station 2 
are provided through duplexer 52 to receiver (RCVR) 54 which amplifies, 
downconverts, and filters the received signal and provides it to pilot 
demodulator 58 of searcher subsystem 55. 
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In addition, the received signal is provided to traffic demodulators 
64A-64N. Traffic demodulators 64A-64N, or a subset thereof, separately 
demodulate signals received by mobile station 2. The demodulated signals 
from traffic demodulators 64A'-64N are provided to combiner 66 which 
5 combines the demodulated data, which in turn provides an improved 
estimate of the transmitted data. 

Mobile station 2 measures the strength of pilot channels. Control 
processor 62 provides acquisition parameters to search processor 56. In the 
exemplary embodiment of a CDMA communication system, control 

10 processor 62 provides a PN offset to search processor 56. Search processor 56 
generates a PN sequence which is used by pilot demodulator 58 to 
demodulate the received signal. The demodulated pilot signal is provided 
to energy accumulator 60 which measures the energy of the demodulated 
pilot signal, by accumulating the energy for predetermined lengths of time. 

15 The measured pilot energy values are provided to control processor 

62. In the exemplary embodiment, control processor 62 compares the energy 
values to thresholds Tadd and Tdrop- Tadd is threshold above which the 
received signal is of sufficient strength to effectively provide 
communications with mobile station 2. Tdrop is a threshold value below 

20 which the received signal energy is insufficient to effectively provide 
communications with mobile station 2. 

Mobile station 2 transmits a Pilot Strength Measurement Message 
which includes all pilots with energy greater than Tadd and all members of 
the current active set who's measured pilot energy has not fallen below 

25 Tdrop for more than a predetermined time period. In the exemplary 
embodiment, mobile station 2 generates and transmits a Pilot Strength 
Measurement Message following the detection of a change in the strength of 
a pilot under the following three conditions: 

30 1. The strength of a Neighbor Set or Remaining Set pilot 

is foxmd above the threshold (Tadd)- 
2. The strength of a Candidate Set pilot exceeds the 
strength of an Active Set pilot by more that a threshold 

(TcoMp)- 

35 3. The strength of a pilot in the Active Set has fallen 

below a threshold (Tdrop) for greater than a 
predetermined time period. 

In the exemplary embodiment, the Pilot Strength Measurement Message 
40 identifies the pilot and provides a corresponding measured pilot energy. In 
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the exemplary embodiment, the base stations in the Pilot Strength 
Measurement Message are identified by their pilot offsets and their 
corresponding measured pilot energy is provided in units of decibels. The 
values of Tadd and Tdrqp may be pre-programmed into the mobile station 2 
5 or provided to the mobile station 2 by the base station 4 (see FIG. 4). 
Furthermore, they may be calculated by the mobile station 2 itself. 

Control processor 62 provides the identities of the pilots and their 
corresponding measured pilot energies to message generator 70. Message 
generator 70 generates a Pilot Strength Measurement Message containing 

10 the information. The Pilot Strength Measurement Message is provided to 
transmitter (TMTR) 68, which encodes, modulates, upconverts and 
amplifies the message. The message is then transmitted through duplexer 
52 and antenna 50. 

Referring to FIG. 4, the Pilot Strength Measurement Message is 

15 received by antenna 30 of base station 4 and provided to receiver (RCVR) 28, 
which amplifies, down converts, demodulates and decodes the received 
signal and provides the message to base station controller (BSC) interface 26. 
Base station controller (BSC) interface 26 sends the message to base station 
controller (BSC) 6. The message is provided to selector 22, which may also 

20 receive the message redundantly from other base stations which are in 
communication with mobile station 2. Selector 22 combines message 
estimates received from the base stations in communication with mobile 
station 2 to provide improved packet estimates. 

Preferably, the mobile station 2 monitors the pilot signals and 

25 compiles members of each of the above-mentioned sets (active, candidate, 
and neighbor). Additionally, the mobile station 2 preferably determines 
whether a change to the current active set is desirable according to the 
following linear relationships: 

30 Yl = SOFT3LOPE*COMBINED_PILOT+ADDJNTERCEPT (1) 
Y2 = SOFT„SLOPE*COMBINED_PILOT+DROPJNTERCEPT (2) 

where Yl is the dynamic threshold above which a candidate set pilot's 
measured energy must rise before the mobile station will request adding it to 
35 the revised active set, and Y2 is the dynamic threshold below which an 
active set pilot's energy must fall before the mobile station will request 
moving it from the active set to the candidate set. To provide hysteresis, Yl 
is preferably greater than Y2. 
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From Equations (1) and (2), it can be seen that if a particular active set 
pilot's measured energy falls below Y2, it is moved to the candidate set. In 
order for that same pilot to be added back into the revised active set, one of 
two things must happen; either the value of COMBINED_PILOT decreases 
5 by some amount Ai, or that pilot's own measured energy increases by some 
amount A2. Thus, it can be seen that Ai and A2 are the hysteresis values of 
the COMBINED_PILOT and individual pilot energy respectively needed to 
prevent a given pilot from being repeatedly moving in and out of the active 
set. 

10 Thus, pilots should be added to the revised active set when the 

COMBINED_PILOT value is less than or equal to Xj, and should be dropped 
from the active set when the COMBINED^PILOT value is greater than or 
equal to X2. From Equations (1) and (2), it can be shown that: 

15 SOFT_SLOPE = A2/A1; (3) 

DROP INTERCEPT = Tdrop - X2 * A2/A1; and (4) 

ADDJNTERCEPT = DROP.INTERCEPT + A2. (5) 

20 

This relationship is further illustrated in FIG. 5. The dynamic 
thresholds Yl and Y2 are plotted in dB as a function of combined pilot 
energy (i.e. Ec/Io), also in dB. As can be seen, they are both linear functions 
with a slope of SOFT^SLOPE (i.e. A2/A1 from Equation (3)), and respective y- 

25 intercepts of ADD_INTERCEPT and DROP INTERCEPT. Note that the y- 
intercept values may be negative, and DROPJNTERCEPT is illustrated in 
FIG. 5 as a negative value. 

An exemplary value for SOFT_SLOPE is 2. In the preferred 
embodiment, the mobile station 2 itself may calculate the value of 

30 SOFT^SLOPE by estimating the desired values for Ai and A2 by monitoring 
the fluctuation of all pilots in both the active and candidate sets as described 
above with reference to FIG. 3, and then applying the relationship of 
Equation (3). The mobile station 2, and specifically control processor 62, may 
estimate the value of Ai by measuring the variations in COMBINED^PILOT 

35 over a predetermined amouLnt of time. For example, Ai in the preferred 
embodiment is equal to the standard deviation of the COMBINED_PILOT 
over a predetermined period to prevent natural variations in 
COMBINED_PILOT from causing a handoff request. Additionally, A2 in the 
preferred embodiment may be set equal to the difference between Tadd and 
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Tdrop because the difference between Tadd and Tdrop is the same order of 
hysteresis required for A2. 

As previously discussed, Xi is shown as the value of 
COMBINED_PILOT which is sufficient to cause a pilot to be added to the 
5 revised active set (i.e. where Yl intersects Tadd)- Also, X2 is shown as the 
value of COMBINED_PILOT which is sufficient to cause a pilot to be 
dropped from the active set (i.e. where Y2 intersects Tdrop)- The value of X2 
maybe pre-programmed into the mobile station, or provided to the mobile 
station in a signaling message from the base station. In the preferred 

10 embodiment, it is a value high enough to provide a sufficiently robust 
forward link, while at the same time avoiding unnecessary redundancy. An 
exemplary value for X2 is -7.11 dB. In the preferred embodiment, the mobile 
station itself may determine the value Xi from its calculation of Aj, A2 and 
the known values of X2 and Tdrop- Thus, if Ai=1.5, A2=3, X2= -7.11 dB, and 

15 Tdrop= 12.44 dB; then SOFT^SLOPE = 2, ADD_INTERCEPT= 1.22 dB, 
DROP_INTERCEPT= -1.78 dB and Xi= -7.61 dB by Equations (l)-(5) above. 

The handoff parameters illustrated above are generated at mobile 
station 2. These handoff parameters are used as described below to generate 
a revised active set. By generating the handoff parameters at mobile station 

20 2, rather than at base station 4 or base station controller 6, they may be 
generated much more quickly and without excessive signaling. 
Additionally, this avoids having to perform any verification calculation at 
the base station 4 or base station controller 6. Mobile station 2 measures 
received pilot energy as described above with respect to FIG. 3. The pilot 

25 energy values are provided to control processor 62. In response, control 
processor 62 generates the handoff parameters. If, based on the handoff 
parameters generated by the mobile station, a pilot is required to be added to 
or dropped from the current active set, mobile station 2 transmits a message 
indicating the members of the revised active set to base station controller 6 

30 through base stations 4. Base station controller 6 sets up communications 
with mobile station 2. Mobile station 2 reconfigures traffic channel 
demodulators 64A-64N to demodulate received signals in accordance with 
the mobile generated revised active set. 

In the exemplary embodiment, control processor 62 in mobile station 

35 2 generates the revised active set in accordance with the method shown in 
FIG. 6. In block 200, pilots with measured energy in excess of threshold Tadd 
are added to the candidate list, whereas pilots whose measured energy has 
fallen below Tdrop ior more that a predetermined time period are removed 
from the candidate list. In the exemplary embodiment, the time a pilot is 
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below Tdrop is tracked by a timer within control processor 62 referred to 
herein as the Ttdrop timer. The Ttdrop timer is a timer than keeps track of 
the time that a pilot has been below the drop threshold. The purpose of the 
Ttdrop timer is to avoid mistakenly dropping a strong pilot which may have 
5 a weak measured energy due to short duration change in the propagation 
environment, such as a fast fade. 

In block 202, the pilots in the candidate list are sorted from strongest 
to weakest. Thus, Pci is stronger than Pc2, and so on, where Pd is preferably 
the Ec/Io for the candidate pilot I as defined in paragraph 6.6.6.2.2 of EIA/TIA 

10 IS-95A. In block 204, the variable COMBINED_PILOT is set equal to the 
energy of all pilots in the active set. Also, in block 204, loop variable (i) is 
initialized to the value 1. In block 206, the candidate set member Pq is tested 
to determine whether it should be made part of the revised active set. Po is 
compared against a threshold generated in accordance with the current 

15 value of COMBINED_PILOT. In the exemplary embodiment, the threshold 
(Yl) is generated in accordance with equation (1) above. 

If the pilot energy of Pci exceeds threshold Yl, then the flow moves to 
block 208. In block 208, a Pilot Strength Measurement Message (PSMM) is 
sent from mobile station 2 to base station 4 requesting that pilot P^ be added 

20 to the active set. The base station 4 then sends a response message directing 
mobile station 2 to add pilot Pci to the active set. In block 210, a new value of 
COMBINED_PILOT is computed which is equal to the old value of 
COMBINED_PILOT plus the energy of pilot Pq. In block 212, the loop 
variable (i) is incremented. 

25 In block 213, it is determined whether all pilots in the candidate set 

have been tested. If all pilots in the candidate set have not been tested, then 
the flow moves to block 200 and proceeds as described above. If all pilots in 
the candidate set have been tested or if, back in block 206, the pilot energy of 
Pci did not exceed threshold Yl, then the flow moves to block 214. In block 

30 214, the revised active set is sorted from lowest energy to highest energy. 
Thus, Pai has the minimum measured energy in the revised active set, P^i 
has the second lowest and so on up to the last member of the revised active 
set Pan- 

In block 218, loop variable i is set to 1. In block 220, COMBINED 
35 PILOT for testing Fai is computed. The value of COMBINED„PILOT is set 
equal to the simi of the measured energy of all pilots currently in the active 
set and having energy greater than the pilot currently being tested. Thus, 
COMBINED_PILOT is determined by the equation: 
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COMBINED_PILOT= J^P^. (6) 

/=f+i 

where N is the number of pilots in the active set. 

In block 222, the current pilot being tested is compared against a 
5 threshold (Y2) determined in accordance with the computed value of 
COMBINED_PILOT. In the exemplary embodiment, threshold Y2 is 
determined in accordance with equation (2) above. If the measured pilot 
energy Pai exceeds threshold Y2, then the flow moves to block 224 and the 
Ttdrop drop timers for pilots Fai to Pan are reset to zero and determination of 

10 the revised active set ends in block 234, 

If the measured pilot energy Fm does not exceed threshold Y2, then 
the flow moves to block 226. In block 226, it is determined whether the 
Ttdrop timer for Fj^ has expired. If the Ttdrop timer has expired, then, in 
block 228, the mobile station 2 sends a PSMM to base station 4 requesting 

15 that pilot Pai be removed from the active set and put in the candidate set. 
Base station 4 sends an affirmative response message, and the flow proceeds 
to block 230. If in block 226, it is determined that the Ttdrop timer for Fai has 
not expired, then the flow proceeds directly to block 230. In block 230, the 
loop variable (i) is incremented. Then, in block 232, it is determined 

20 whether all the pilots in the active set Pai have been tested. If all the pilots 
in the active set have been tested, then the flow proceeds to block 234 and 
generation of the revised active set is complete. If all the pilots in the active 
set have not been tested, then the flow proceeds to block 220 and proceeds as 
described above. 

25 FIG. 7 shows a state diagram of the operation of the present 

invention. A given pilot, Pni, may begin in the neighbor set 700. If the E^/Iq 
of the pilot Pni exceeds the threshold Tadd/ then it is added to the Candidate 
Set 702 by mobile station 2. If a pilot, Pd, is in the candidate set 702, and its 
Ec/Io falls below the threshold Tdrop and its Ttdrop timer expires, then it is 

30 moved by mobile station 2 from the candidate set 702 to the neighbor set 700. 
These two transitions just described correspond to block 200 of FIG. 6 - 
adding and removing pilots from the candidate set. 

If the Ec/Io of a pilot, Pci, in the candidate set exceeds the dynamic 
threshold Yl as determined in accordance with Equation (1) above, then a 

35 PSMM 706 is sent by mobile station 2 to base station 4 requesting that P^ be 
added to the active set 708. In response, the base station 4 sends an Extended 
Handoff Direction Message (EHDM), directing mobile station 2 to add P^ to 
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the active set 708. These two transitions just described correspond to blocks 
202-213 of HG. 6. 

If the Ec/Io of a pilot Pai, in the active set is less than the dynamic 
threshold Y2, and its Ttdrop timer expires, the mobile station 2 sends a 
PSMM 710 to base station 4 requesting that pilot Pai be dropped from the 
active set. In response, base station 4 sends an EHDM, directing mobile 
station 2 to drop Pai from the active set to the candidate set 702. These two 
transitions just described correspond to blocks 214-228 of FIG. 6. 

If the Ec/Io of a pilot Pai, in the active set is less than the threshold 
Tdrop and its Ttdrop timer expires, the mobile station 2 sends a PSMM 704 to 
base station 4 requesting that pilot Pai be dropped from the active set In 
response, base station 4 sends an EHDM, directing mobile station 2 to drop 
Pai from the active set to the neighbor set 702. There is no corresponding 
flow diagram herein for these two transitions. 

The previous description of the preferred embodiments is provided to 
enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 
Thus, the present invention is not intended to be limited to the 
embodiments shown herein but is to be accorded the widest scope consistent 
with the principles and novel features disclosed herein. 



I CLAIM: 
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CLAIMS 

1. A method for selecting base stations to communicate with a 
2 remote station comprising: 

measuring, in said remote station, a combination of signal energies 
4 over a predetermined time period from base stations capable of 

communicating with said remote station; 
6 computing, in said remote station, a first threshold value in response 

said measurement; 

8 comparing, in said remote station, a signal energy of a first base 

station with said first threshold; and 
10 selecting, in said remote station, said first base station when said 

signal energy of said first base station exceeds said first threshold. 

2. The method of Claim 1 wherein said signal energy of said first 
2 base station is the energy of a first base station pilot signal measured at said 

remote station. 

3. The method of Claim 2 wherein said combination of signal 
2 energies from base stations capable of communicating with said remote 

station comprises the sum of pilot energy values of pilot signals with greater 
4 received energy than said first base station. 

4. The method of Claim 3 wherein said step of computing a 
2 threshold value comprises performing a linear operation upon said 

combination of signal energies from base stations capable of communicating 
4 with said remote station. 

5. The method of Claim 4 wherein a slope of said linear operation 
2 is calculated in said remote station in response to a variation in said 

combination of signal energies over a predetermined time period. 

6. The method of Claim 5 wherein an intercept of said linear 
2 operation is calculated in said remote station in response to stored system 

parameters. 

7. The method of Claim 6 wherein said linear operation 
2 comprises: 
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multiplying said combination of signal energies from base stations 
4 capable of commimicating with said remote station by a first variable; and 
summing a second variable with the product of said multiplication. 

8. The method of Claim 7 further comprising the step of 
2 transmitting a message indicative of said measured pilot signals from said 

remote station. 

9. A mobile station for use in a communication system 
2 comprising plural base stations controlled by a base station controller, the 

mobile station comprising: 
4 a receiver for receiving signals from plural base stations which 

together comprise a set of candidate base stations; 
6 means for determining power in the received signals; 

first means for comparing the power in the received signal with a first 
8 threshold value; 

means for identifying base stations whose signals have a received 
10 power greater than the first threshold value; and 

means for transmitting a signal to the controller representing 
12 identified base stations as being suitable for inclusion in an active set. 

10. A mobile station as claimed in claim 9, wherein said means for 
2 determining power comprises means for accumulating energy values for the 

received signals for a predetermined period of time. 

11. A mobile station as claimed in claim 9 or 10, wherein said first 
2 means for comparing comprises means for calculating the first threshold 

dynamically. 

12. A mobile station as claimed in claim 11, further comprising 
2 means for receiving one or more of the predetermined parameters in a 

signal transmitted from a base station. 

13. A mobile station as claimed in claim 11, further comprising 
2 means for storing a preprogrammed one or more of the predetermined 

parameters. 

14. A mobile station as claimed in any of claims 9 to 13, further 
2 comprising: 
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second means for comparing the power in the received signals of base 
4 stations in the active set with a second threshold value; 

means for identifying base stations in the active set whose signals 
6 have a received power less than the second threshold value for a 

predetermined period of time; and 
8 means for transmitting a signal to the controller representing 

identified base stations as being suitable for removal from the active set. 

15. A mobile station as claimed in claim 14, wherein said second 
2 means for comparing comprises means for calculating the second threshold 

dynamically. 

16. A mobile station as claimed in claim 15, further comprising 
2 means for receiving one or more of the predetermined parameters in a 

signal transmitted from a base station. 

17. A mobile station as claimed in claim 16, further comprising 
2 means for storing a preprogrammed one or more of the predetermined 

parameters. 

18. A mobile station as claimed in any of claims 14 to 17, wherein 
2 base stations identified as being suitable for removal from the active set are 

transferred to a set of neighboring base stations. 
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(54) Method and system for data transmission scheduling using neighboring base station load 
information 



(57) A teleconrinnunications system having a first 
base station that utilizes neighboring base station load 
infornnation to adaptively schedule transmissions to mo- 
bile devices within the first base station's coverage area. 
Before transmitting information to a mobile device, the 
first base station determines whether neighboring base 
stations causing the most interference to the mobile de- 
vice have a load below a loading threshold (i.e., if the 
neighboring base stations are "lightly loaded"). If the first 
base station determines that the neighboring base sta- 
tions are lightly loaded, then the neighboring base sta- 



tions are providing little to no interference to the mobile 
device at which point, the first base station should trans- 
mit to the mobile device with high priority. If the first base 
station determines that the neighboring base stations 
are not lightly loaded, then the neighboring base sta- 
tions are providing sufficient interference to the mobile 
device that transmissions to the mobile device should 
be given low priority. Thus, the first base station sched- 
ules transmissions at times when the transmissions can 
be made at high data rates, which increases the data 
rates of the mobile devices and the overall throughput 
of the system. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0001] The present invention relates generally to the 
field of telecommunications and, more particularly, to 
adaptive data scheduling using neighboring base sta- 
tion load infomnation in a wireless telecommunications 
system. 

2. Description of tlie Related Art 

[0002] Fig. 1 illustrates a portion of the components 
of an exemplary multiple access communications sys- 
tem 10. The system 1 0 includes a plurality of cells 1 , 2, 

3. 4, 5, 6, 7 (collectively referred to herein as "cells"). 
The cells represent a portion of the geographic cover- 
age area served by the system 10. In Fig. 1 each cell is 
schematically represented by a hexagon; In practice, 
however, each cell usually has an irregular shape that 
depends on the topology of the terrain serviced by the 
system 10. Within each cell 1 , 2, 3, 4, 6, 6, 7 is a base 
station 22A, 22B, 22C, 22D, 22E, 22F, 22G (collectively 
referred to herein as "base stations 22"), respectively, 
which is typically connected to a public switched tele- 
phone network ("PSTN") through a mobile switching 
center ("MSG") (the PSTN and MSG are not shown for 
convenience purposes). Each cell 1, 2, 3, 4, 5, 6, 7 Is 
illustrated as having three sectors 1^, 1"^, 1^, through 7^, 
7^, 7^, respectively, which are typical in a communica- 
tions system implementing a frequency reuse pattern. 
That is, the exemplary system 10 has a 1/3 frequency 
reuse pattern (i.e., as known in the art, the system 10 
can allocate a particular frequency every three cells). 
[0003] In operation, the base stations 22 establish 
wireless communications links with wireless or mobile 
devices e.g., mobile device M, within the cells 20 wish- 
ing to transmit and receive digital data. The wireless link 
between a mobile device and a base station comprises 
an uplinkfortransmitting information from the mobile de- 
vice, to the base station, and a downlink for transmitting 
information received by the base station to the mobile 
device. Sometimes the downlink is referred to as a for- 
ward link. 

[0004] Multiple access techniques regulate communi- 
cations forthe various mobile devices within a cell given 
a limited available bandwidth. An exemplary multiple ac- 
cess technique includes TDMA ("time-division multiple 
access"). In a TDMA system, frequency channels are 
divided into a plurality of time slots. Some slots are used 
for control purposes and others are used for information 
transfer. Typically, multiple users are given respective 
slots in a frequency channel so that a single frequency 
channel can accommodate multiple users. 
[0005] A number of third generation systems are 
evolving from the current wireless communications 



technology such as TDMA IS-136 and GSM ("Global 
System for Gommunication") systems, These third gen- 
eration systems will transmit voice information and non- 
voice data to the mobile devices of their users. Exam- 
5 pies of these third generation TDMA systems include 
general packet radio service ("GPRS") and enhanced 
GPRS ("EGPRS"). Agoal of these third generation sys- 
tems is to enable mobile devices to transmit information 
to and receive infomiation from the Internet. Thus, serv- 
ices currently available over the Internet, such as FTP 
("file transfer protocol"), web browsing, chat, electronic 
mall ("e-mail") , telnet, etc. , will be available to the mobile 
devices that are part of a third generation TDM A system. 
[0006] In second generation TDMA systems the base 
station transmit power is usually fixed. Thus, in orderfor 
the carrier signal to interference ratio ("C/l") of a down- 
link transmission to meet a minimum required threshold 
in most of the area of the cell, the power allocated per 
mobile must be high. With a high power allocation, the 
C/l of downlink transmissions should exceed the mini- 
mum threshold In most of the cell. 
[0007] Some of the third generation TDMA systems 
are going to have a very high frequency reuse, such as 
"compact EDGE ("enhanced data rates for GSM evolu- 
tion")," which will have a 1/3 frequency reuse pattern 
(see FIG. 1), and EGPRS, which will have a 4/12 fre- 
quency reuse pattern. Given the high frequency reuse, 
the transmission data rates of these systems will be lim- 
ited by interference, especially when the power allocat- 
ed per mobile Is fixed and therefore, high. This Interfer- 
ence from other sectors can result in low data rates for 
users and an overall low system throughput. 
[0008] Thus, there is a desire and need to substan- 
tially increase the data rates of individual users of athird 
generation communications system. There is also a de- 
sire and need to increase the overall throughput of the 
third generation communications system. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a mechanism 
for substantially increasing the data rates of the users 
in a third generation communications system. 
[0010] The present invention also provides a mecha- 
nism for increasing the throughput of a third generation 
communications system. 

[0011] The above and other features and advantages 
of the invention are achieved by a telecommunications 
system having a first base station that utilizes neighbor- 
ing base station load information to adaptively schedule 
transmissions to mobile devices within the base sta- 
tion's coverage area. Before transmitting information to 
a mobile device, the first base station determines wheth- 
er neighboring base stations causing the most interfer- 
ence to the mobile device have a load below a loading 
threshold (i.e., ifthe neighboring base stations are "light- 
ly loaded"). If the first base station determines that the 
neighboring base stations are lightly loaded, then the 
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neighboring base stations are providing little to no inter- 
ference to the nnobile device at which point, thefirst base 
station should transnriit to the nnobile device with high 
priority, since in this case a higher data rate can be used. 
If the first base station determines that the neighboring 
base stations are not lightly loaded, then the neighbor- 
ing base stations are causing sufficient interference to 
the mobile device that immediate transmissions to the 
mobile device should be given low priority, since the da- 
ta would be small. Thus, the first base station schedules 
transmissions at times when the transmissions can be 
made at high data rates, which Increases the data rates 
to the mobile devices and the overall throughput of the 
system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing and other advantages and fea- 
tures of the invention will become more apparent from 
the detailed description of the preferred embodiments 
of the invention given below with reference to the ac- 
companying drawings in which: 

Fig. 1 illustrates a portion of a wireless communica- 
tions system; 

Fig, 2 illustrates an exemplary base station con- 
structed in accordance with an exemplary embodi- 
ment of the present invention; 
Fig. 3 illustrates in flowchart form exemplary call 
processing method performed by the base station 
of Fig, 2; and 

Fig. 4 illustrates In flowchart form another exempla- 
ry call processing method performed by the base 
station of Fig. 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] The present invention is suitable for use in a 
wireless telecommunications system, such as a third 
generation TDMA system. As noted above, an example 
of a third generation TDMA system includes a GPRS 
system and thus, the present invention is suitable for 
use in GPRS. It should be appreciated, however, that 
the present Invention is suitable for any type of telecom- 
munications system (e.g., code-division multiple access 
(CDMA), GSM, etc.), and particularly those systems in 
which wireless or mobile devices experience interfer- 
ence from base stations outside of the cell in which the 
wireless or mobile device is located. The base stations 
located outside of the mobile device's cell are referred 
to herein as "neighboring base stations." The phrase 
"mobile device" Is used herein to refer to any wireless 
communications device orterminal that may be serviced 
by a base station. 

[0014] The phrases "interfering neighboring base sta- 
tion" or "interfering neighboring base stations" are used 
herein to describe neighboring base stations that pro- 



vide the most interference (with respect to the interfer- 
ence from other neighboring base stations) to a partic- 
ular mobile device. The phrase "lightly loaded" is used 
herein to describe the situation where an interfering 

5 neighboring base station has a load less than a loading 
threshold and thus, is not providing much interference 
to the mobile device. It should be apparent that if a cell 
is divided into sectors or If frequency reuse patterns are 
being utilized by the system , then the same base station 

10 will transmit to all sectors in a cell. Thus, it is possible 
for the same base station to be lightly loaded in one sec- 
tor, yet substantially loaded in another sector. Moreover, 
the same base station may be interfering with a mobile 
device in one sector, but not in another. The phrase "in- 

15 terfering sector" is used herein to designate a sector in 
which the mobile device receives substantial interfer- 
ence from an interfering neighboring base station or oth- 
er sector of the same cell. The phrase "servicing base 
station" is used herein to refer to the base station pro- 

20 viding service to the mobile device (i.e. , the base station 
providing service within the cell that the mobile device 
is located within). 

[0015] As will become apparent from the following de- 
tailed description, when a servicing base station of the 

25 present invention is incorporated into a wireless tele- 
communications system using fixed transmit power to 
each mobile (hereinafter referred to as "fixed power sys- 
tems"), the servicing base station will utilize load infor- 
mation from a mobile's interfering neighboring base sta- 

30 tion/stations to adaptively schedule transmissions to the 
mobile at times when higher data rates can be achieved. 
Thus, higher data rate transmissions can occur when 
there is less interference and better C/l . It must be noted 
that the interfering neighboring base stations may only 

55 be interfering in one sector and thus, the determination 
of whether that base station is lightly loaded is made 
based solely on the downlink power within the interfering 
sector. 

[0016] As will be discussed below with reference to 

40 Fig. 4, when the servicing base station of the present 
invention is used in a system implementing power con- 
trol (hereinafter referred to as a "power control system"), 
the servicing base station will utilize load information 
from the interfering neighboring base station/stations to 

45 adaptively schedule transmissions to the mobile at 
times when low power transmissions can be made. 
Again, it must be noted that the interfering neighboring 
base stations may only be interfering in one sector and 
thus, the determination of whether that base station is 

50 lightly loaded is made based solely on the downlink pow- 
er within the interfering sector. Thus, in fixed power sys- 
tems, the base station of the present invention sched- 
ules transmissions at times when high data rates can 
be achieved, in power control systems, the present in- 

55 vention schedules transmissions when low powertrans- 
missions can be made, thus servicing its mobile devices 
with less power, which reduces interference to its neigh- 
bors. In either system, the base station of the present 



3 



5 



EP1 180 881 A1 



6 



invention increases the overall throughput of the sys- 
tem. 

[0017] The present invention takes advantage of the 
statistical fluctuations of each cell's forward link transmit 
power. A base station's transmit power can fluctuate 
with the number of mobile devices it is servicing. Fur- 
thermore, since Internet traffic often appears bursty so 
that periods of high data rates are followed by periods 
of inactivity, a base station's transmit power may be low- 
er at times during which fewer of the mobile devices it 
is serving are receiving data. At other times, a base sta- 
tion will transmit near Its maximum power, for example, 
when it has a number of active mobile devices, all of 
which are simuitaneously receiving data. 
[0018] Fig. 2 illustrates a base station 22 constructed 
in accordance with the present invention. The base sta- 
tion 22 includes a controller 30, antenna 34 and radio 
module 32 connected in a conventional manner. The ra- 
dio module 32 contains a plurality of radios 32a, 32b, ... 
32x. The controller 30 may include a programmed mi- 
croprocessor coupled to a memory device or it may be 
an application specific integrated circuit (ASiC), It is de- 
sirable for the controiier to include a programmed proc- 
essor and memory so the methods of the present inven- 
tion can be Implemented In software. The controller 30 
is coupled to the radio module 32 and is in communica- 
tion with the MSG. The controller 30 controls and coor- 
dinates the operations of the base station 22 including, 
but not limited to, call processing and power control 
functions (if the system uses power control) while also 
communicating with the MSG. With the provision of 
some additional software, the controller 30 will also im- 
plement the methods 100 (Fig. 3), 200 (Fig. 4) of the 
present invention. 

[0019] The following example will be used to illustrate 
the operation of the base station of the present inven- 
tion. With reference to Fig. 1 , the system 10 utilizes a 
1/3 frequency reuse pattern and a mobile device M Is 
located within a sector 1^ of cell 1 . in this example, the 
mobile device which will be serviced by base station 
22a, is near the vertex that joins cell 1 to cells 2 and 7. 
In this example, it is presumed that most of the interfer- 
ence that the mobile device M experiences will be from 
the base stations servicing sectors 2^ and 3^. It should 
be noted that there could also be interference from the 
base station servicing sector 7^ or other sectors within 
the system 1 0, but for this example, it is presumed that 
most of the interference that the mobile device M expe- 
riences will be from the base stations servicing sectors 
2° and 3^. The determination of the base stations pro- 
viding the most interference to the mobile device M can 
be performed during system set-up, calibration, or any 
other suitable time, by measuring the interference ex- 
perienced atthe mobile device M from each neighboring 
base station (and each sector) or by any other method 
including, but not limited to, geographical or mathemat- 
ical evaluations and simulations. It should be noted, 
however, that the exact mechanism used to determine 



which base stations provide interference to the mobile 
device M and which ones provide the most interference 
does not matter. Thus, the interfering sectors are 2^ and 
3^, which means that most of the interference that the 
5 mobile device M experiences will be from base stations 
22b and 22c (from their downlink transmissions to 2^ 
and 3^). Thus, In this example, the servicing base station 
is base station 22a and the interfering base stations will 
be base stations 22b and 22c. The system in this exam- 
10 pie is a fixed power system and it is desirable for the 
servicing base station 22a to transmit to the mobile de- 
vice M when the Interfering neighboring base stations 
22b, 22c are lightly loaded with respect to sectors 2^ and 
3^ so that the transmissions to the mobile device M can 
15 be made at a higher data rate. 

[0020] Referring now to Figs. 1 and 3, a first exempla- 
ry method 100 to perfonn adaptive data scheduling us- 
ing neighboring base station load information is now de- 
scribed. As noted above, it is desired that the method 
100 be implemented in software and executed by the 
base station 22 illustrated in Fig. 2. It should be noted, 
however, that the method 1 00 could also be implement- 
ed in hardware, such as an ASIG, or a combination of 
hardware and software. It is also desirable for the meth- 
od 100 to be executed by every base station 22 in the 
system 1 0 . 

[0021] The method 100 begins when the servicing 
base station 22a selects a mobile device M to which to 
transmit data (step 1 02). The servicing base station 22a 
also Identifies potential Interfering neighboring base sta- 
tions based on the location of the mobile device M as 
well as possibly on the signal strength received by the 
mobile M from other base stations. For a mobile device 
M near a cell or sector border, e.g., 2^ and 3«, the base 
stations servicing these sectors generally will be the po- 
tentially interfering neighboring base stations. Thus, 
these sectors 2^ and 3^ and the base stations 22b and 
22c servicing them will be Identified as the interfering 
neighboring base stations. Depending on geography, 
traffic and experience, the servicing base station 22a 
can be programmed to monitor and identify other sets 
of interfering neighboring base stations during initial set- 
up and testing of the base station 22a. For instance, all 
of the adjacent cells could be monitored for a mobile de- 
vice M near a cell or sector border, or cells outside those 
immediately adjacent to the cell of the servicing base 
station 22a could be monitored. 
[0022] At step 1 04, the servicing base station 22a de- 
termines if the mobile device's interfering neighboring 
base stations 22b, 22c are lightly loaded with respect to 
the interfering sectors 2^ and 3^. One technique for de- 
termining whetherthe interfering base stations 22b, 22c 
are lightly loaded (or not) is disclosed in EP Application 
no. 01 304 478.9 which describes providing the servic- 
ing base station with an antenna for directly measuring 
the downlink power of interfering neighboring base sta- 
tions. Once the downlink power is measured, it is com- 
pared to a reference downlink power for that neighbor- 
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ing base station, and a determination as to whether the 
interfering neighboring base station is lightly loaded is 
nnade based on the comparison. 
[0023] This same "mutual monitoring" technique can 
be utilized by the present invention. Since the present 
example utilizes a 1/3 frequency reuse pattern and mul- 
tiple sectors in a cell, the "mutual monitoring" technique 
of the co-pending application could require a slight ex- 
tension to ensure the proper monitoring of the interfer- 
ence on a per sector basis. For example, since it is pos- 
sible that the mobile device M can potentially receive 
significant amounts of interference from base station 22f 
via sector 6"^, the servicing base station should be able 
to measure the downlinl< power of base station 22f in 
the direction of sector 6*^. However, if the downlink pow- 
er measuring antenna in sector 1^ receives power only 
in the direction of its own sector, this antenna will not 
receive significant power from base station 22f in the 
direction of sector 6*^, even though the mobile can. In 
this case, the downlink power measuring antenna of 
base station 22a in sector 1^ can be used to measure 
the power from base station 22f in the direction of sector 
6^; this information can then be transmitted via base sta- 
tion hardware from sector 1^ to 1"^. 
[0024] Another technique for detennining whether the 
interfering base stations 22b, 22c are lightly loaded (or 
not) with respect to interfering sectors 2P and 3^, is for 
the mobile device IVl to take measurements of the power 
it receives from the interfering neighboring base sta- 
tions. Once the mobile device M takes these measure- 
ments, it can report it back to the servicing base station 
22a, which will then use the measured power to deter- 
mine if the interfering neighboring base station is lightly 
loaded with respect to the interfering sectors. 
[0025] If at step 1 04 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are not lightly loaded with respect to the 
interfering sectors 2*^ and 3^, then the method 1 00 con- 
tinues at step 106. At this point, a transmission to the 
mobile device M would have a low C/l. At step 106 the 
servicing base station 22a will not transmit to the mobile 
device M at this time unless there are no other mobile 
devices with high priority for service. The servicing base 
station 22a can use the time slots to transmit with high 
data rates to mobile devices that are not experiencing 
interference from their neighboring base stations. 
[0026] If at step 104 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are lightly loaded with respect to the in- 
terfering sectors 2^ and 3^, then the method 1 00 contin- 
ues at step 11 0. At this point, a transmission to the mo- 
bile device would have a high or acceptable C/l. At step 
110 the servicing base station gives high priority to 
transmit to the mobile device M. Thus, the method 1 00 
attempts to transmit to mobile devices at times when the 
data rates used will be highest. This substantially in- 
creases the data rates of the mobile device M and the 
overall throughput of the system 1 0. 



[0027] The present invention will now be described 
with its use in a power control system. As is known in 
the art, a base station process known as power control 
regulates the transmitting power of the base station and 

5 the mobile devices communicating with the base sta- 
tion. This typically occurs in CDMA (code-division mul- 
tiple access) systems, but it can be incorporated into 
third generation TDMA systems as well. The power con- 
trol process also regulates the number of users that a 

'0 cell can support at any one time based on the amount 
of noise and interference present within the cell. Inter- 
ference caused by users of the same cell and interfer- 
ence caused by users in other cells is a limiting factor 
to the capacity of the cell and the system. It is desired 

'5 to reduce the power of transmissions to and from the 
base stations and thus, reduce the amount of interfer- 
ence within the cells (or sectors within the cells) so that 
the capacity and throughput of the system can be in- 
creased. 

20 [0028] The following example will be used to illustrate 
the operation of the base station of the present invention 
with a system utilizing power control. With reference to 

Fig. 1 , the system 10 utilizes a 1/3 frequency reuse pat- 
tern and a mobile device M is located within a sector 1** 
25 of cell 1 . As In the prior example, the mobile device M, 
which will be serviced by base station 22a, is near the 
vertex that joins cell 1 to cells 2 and 7. It is presumed 
that most of the interference that the mobile device M 
experiences will be from the base stations servicing see- 
so tors 2° and 3^. It should be noted that there could also 
be interference from the base station servicing sector 7^ 
or other sectors within the system 1 0, but for this exam- 
ple, it is presumed that most of the interference that the 
mobile device M experiences will be from the base sta- 
55 tions servicing sectors 79 and 3^. The interfering sectors 
are 2^ and 3^, which means that most of the interference 
that the mobile device M experiences will be from base 
stations 22b and 22c (from their down link transmissions 
to 2^ and 3^). The servicing base station is base station 
^0 22a and the interfering base stations will be base sta- 
tions 22b and 22c. The system in this example utilizes 
power control and thus, it is desirable for the servicing 
base station 22ato transmitto the mobile device M when 
the interfering neighboring base stations 22b, 22c are 
45 lightly loaded with respect to sectors 2P and 3^ so that 
the less power is used during the transmissions to the 
mobile device M. 

[0029] Referring now to Figs. 1 and 4, another exem- 
plary method 200 to perform adaptive data scheduling 

50 using neighboring base station load information is now 
described. As noted above, it is desired that the method 
200 be executed by the base station 22 illustrated in Fig. 
2. It is also desirable forthe method 200 to be executed 
by every base station in the system 10. 

55 [0030] The method 200 begins when the servicing 
base station 22a selects a mobile device M to which to 
transmit data (step 202). The servicing base station 22a 
also identifies potential interfering neighboring base sta- 
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tions based on the mobile device's location (described 
above), At step 204, the servicing base station 22a de- 
termines if the nnobile device's interfering neighboring 
base stations 22b, 22c are lightly loaded with respect to 
the interfering sectors 2^ and 3^, This determination can 
be made by one of the two techniques listed above. 
[0031] If at step 204 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are not lightly loaded with respect to the 
interfering sectors 2^ and 3^, then the method 200 con- 
tinues at step 206. At this point, a transmission to the 
mobile device M would result In a low C/l at the mobile 
device M and would require an Increase In transmission 
power to compensate for the low C/l. At step 206, the 
servicing base station 22a gives low priority to transmit 
to the mobile device M. This way, the servicing base sta- 
tion 22a would not waste power on this transmission. 
More importantly, by not transmitting with increased 
power, the servicing base station 22a will not increase 
the Interference to mobile devices that receive the most 
interference from the servicing base station 22a. 
[0032] If at step 204 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are lightly loaded with respect to the in- 
terfering sectors 2^ and 3^ then the method 200 contin- 
ues at step 210. At this point, a transmission to the mo- 
bile device would have a high or acceptable C/l and less 
power is required for the transmission. At step 210 the 
servicing base station transmits to the mobile device M 
with high priority Thus, the method 200 attempts to 
transmit to mobile devices only at times when lower 
power transmissions can be used. This substantially re- 
duces the co-channel interference caused by the serv- 
icing base station 22a and substantially increases the 
overall throughput of the system 10. 
[0033] The methods of the present invention is pref- 
erably implemented in software and the software in- 
structions and data can be stored in PROM, EEPROM 
or other nonvolatile memory connected to or contained 
within the controller. The software used in the present 
invention can be stored on a hard drive, floppy disc, 
CD-ROM or other permanent or semi-permanent stor- 
age medium and subsequently transferred to the mem- 
ory of the controller. The program embodying the meth- 
od of the present invention can also be divided into pro- 
gram code segments, downloaded, for example, from a 
server computer or transmitted as a data signal embod- 
ied In a carrier wave to the controller as is known in the 
art. 

[0034] While the invention has been described in de- 
tail in connection with the preferred embodiments 
known at the time, it should be readily understood that 
the invention is not limited to such disclosed embodi- 
ments. Rather, the invention can be modified to incor- 
porate any number of variations, alterations, substitu- 
tions or equivalent arrangements not heretofore de- 
scribed, but which are commensurate with the scope of 
the invention. Accordingly, the invention is not to be 



seen as limited by the foregoing description, but is only 
limited by the scope of the appended claims. 



5 Claims 

1. A method of transmitting information to a wireless 
device In a telecommunications system, said meth- 
od comprising the steps of: 

10 

determining if at least one neighboring base 
station of the wireless device has a load below 
a loading threshold; and 
adjusting data transmissions to the wireless de- 
'5 vice based on the determination. 

2. The method of claim 1 , wherein said adjusting step 
gives high priority to transmit to the wireless device 
if it is determined that the load of the at least one 

20 neighboring base station is below the loading 
threshold. 

3. The method of claim 1 , wherein said adjusting step 
transmits to the wireless device with low priority if it 

25 is determined that the load of the at least one neigh- 
boring base station is not below the loading thresh- 
old. 

4. The method of claim 1, wherein said determining 
30 step comprises: 

identifying neighboring base stations that may 
interfere with transmissions to the wireless de- 
vice based on the location of the wireless de- 
55 vice and received signal strengths at a wireless 

device associated with the Identified base sta- 
tions; 

monitoring the load of the identified base sta- 
tions; and 

40 comparing the monitored load to the loading 

threshold. 

5. The method of claim 4, wherein said monitoring 
step comprises: 

45 

receiving a signal indicative of the load from the 

identified base stations; and 
comparing the signal to a reference signal cor- 
responding to the loading threshold. 

50 

6. The method of claim 4, wherein said monitoring 
step comprises: 

receiving a signal indicative of the load on the 
55 identified base stations from the wireless de- 

vice; and 

comparing the signal to a reference signal cor- 
responding to the loading threshold. 
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7. The method of claim 1 , wherein the wireless device 
is located within a sector of a cell and the at least 
one neighboring base station is a base station that 
provides significant interference to the wireless de- 
vice. 

8. A method of transmitting information to a wireless 
device in a telecommunications system, said meth- 
od comprising the steps of: 

determining if neighboring base stations of the 
wireless device have a load below a loading 

threshold; and 

adjusting data transmissions to the wireless de- 
vice based on the determination. 

9. A base station for a wireless telecommunications 
system, said base station comprising: 

a controller, said controller for determining if at 
least one neighboring base station of a wireless 
device has a load below a loading threshold 

and for adjusting data transmissions to the 
wireless device based on the determination. 

10. The base station of claim 9, wherein said controller 
adjusts the data transmission by transmitting to the 
wireless device at a high data rate if it is determined 
that an aggregate load from a significant interfering 
neighboring base station Is below the loading 
threshold. 

1 1 . The base station of claim 9, wherein said controller 
adjusts the data transmission by transmitting to the 
wireless device with low priority if it is determined 
that an aggregate load from significant interfering 
neighboring base stations is greater than or equal 
to the loading threshold. 

12. The base station of claim 9, wherein said controller 
determines if the load of the at least one neighbor- 
ing base station is below the loading threshold by 
identifying neighboring base stations that may inter- 
fere with transmissions to the wireless device based 
on the location of the wireless device or received 
signal strength at a wireless device associated with 
the Identified base stations, monitoring a load of the 
identified base stations, and comparing the moni- 
tored load to the loading threshold. 

13. The base station of claim 12, wherein said controller 

monitors the load of the identified base stations by 
receiving a signal indicative of the load from the 
identified base stations and comparing the signal to 
a reference signal corresponding to the loading 
threshold. 

14. The base station of claim 12, wherein said controller 



monitors the load of the identified base stations by 
receiving a signal indicative of the load on the iden- 
tified base stations from the-wireless device and 
comparing the signal to a reference signal corre- 
5 spending to the loading threshold. 

15. The base station of claim 12, wherein the wireless 
device is located within a sector of a cell and the 
controller identifies neighboring base stations as 

10 base stations that provide the most interference to 
the wireless device. 

16. A wireless telecommunications system, said sys- 
tem comprising: 

15 

a first base station, said first base station for 
determining if neighboring base stations of a 
wireless device have a load below a loading 
threshold and for adjusting data transmissions 
20 to the wireless device based on the determina- 

tion. 

17. The system of claim 1 6, wherein said first base sta- 
tion adjusts the data transmission by transmitting to 

25 the wireless device with high priority if it is deter- 
mined that the load of the neighboring base stations 
are below the loading threshold. 

18. The system of claim 1 6, wherein said first base sta- 
30 tlon adjusts the data transmission by transmitting to 

the wireless device with low priority if it is deter- 
mined that the load ofthe neighboring base stations 
are not below the loading threshold. 

35 19. The system of claim 1 6, wherein said first base sta- 
tion determines if the neighboring base stations 
have a load below the loading threshold by identi- 
fying neighboring base stations that may interfere 
with transmissions to the wireless device based on 

40 the location of the wireless device or received signal 
strengths from the identified base stations, monitor- 
ing the load of the identified base stations, and com- 
paring the monitored load to the loading threshold. 

45 20. The system of claim 1 9, wherein said first base sta- 
tion monitors the load ofthe identified base stations 
by receiving a signal indicative of the load from the 
identified base stations and comparing the signal to 
a reference signal corresponding to the loading 

50 threshold. 

21 . The system of claim 1 9, wherein said first base sta- 
tion monitors the load ofthe identified base stations 
by receiving a signal indicative of the load on the 
55 identified base stations from the wireless device 
and comparing the signal to a reference signal cor- 
responding to the loading threshold. 
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22. The system of claim 16, wherein said system is a 
time-division multiple access (TDIVIA) system. 

23. A time-division multiple access telecommunica- 
tions system, said system comprising: 5 

a base station, said base station for determin- 
ing if an aggregate load from significant inter- 
fering base stations is below a loading thresh- 
old and for adjusting data transmissions to the io 
wireless device based on the determination. 
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iffl^^ — ' (57)Abstract: 
PROBLEM TO BE SOLVED: To solve the hidden terminal problem and reduce to the 

utmost consumption power of an access point (AP; connection equipment) for a 
wireless LAN system performing wireless communication with a terminal, by relating 
the AP of interest to the terminal located in a cell (communication area) determined 
by the transmission power. 

SOLUTION: By grasping the loads of a plurality of APs by mutually transmitting/ 

receiving the loads through a wired LAN 2, and controlling transmission power to a 
terminal based on the load conditions of the APA and its neighboring AP, the APA is 
controlled to increase the transmission power output, etc., when the neighboring AP 
is in a high load condition and the APA is in a low load condition, so as to assist the 
communication performed by the neighboring AP. As such, by sharing the loads in 



the overall wireless LAN system, it becomes possible to solve the hidden terminal 
problem virtually. Moreover, it becomes possible to suppress the transmission power 
of each AP by controlling the transmission power of the neighboring AP in such a 
way as increasing the power only when assisting the communication of the APA, 
while generally maintaining the transmission power in a normal condition. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1]By relating with a terminal in a communications area fixed with transmission 
power. In a contact for wireless LAN systems which performs said terminal and radio, 
A loaded-condition judging means which judges loaded condition of a self contact, 
and a loaded-condition reporting means which notifies loaded condition judged by 
said loaded-condition judging means to a nearby contact, A loaded-condition 
reception means which receives loaded condition of a contact of said neighborhood 
notified from a contact of said neighborhood, A contact for wireless LAN systems 
having a transmission-power-control means to control said transmission power, 
based on self loaded condition judged by said loaded-condition judging means, and 
loaded condition of the neighborhood received by said loaded-condition reception 
means. 

[Claim 2]The contact for wireless LAN systems according to claim 1 when control of 
transmission power by said transmission-power-control means is when self loaded 
condition is lower than constant value and nearby loaded condition is higher than 
said constant value, wherein it is raising a transmission power value. 
[Claim 3]The contact for wireless LAN systems according to claim 1, wherein 
control of transmission power by said transmission-power-control means is 
maintaining or lowering a transmission power value regardless of loaded condition of 
said neighborhood when self loaded condition's is higher than constant value. 
[Claim 4]The contact for wireless LAN systems according to claim 1 characterized 
by comprising the following. 

A determination means with relation to be based on self loaded condition judged by 



said loaded-condition judging means, to relate and to determine new correlation with 
a terminal in a self communications area which has not been carried out, and 
subsequent correlation with a terminal which is already associated and is carried out. 
An execution means with relation which performs correlation determined by said 
determination means with relation. 

[Claim 5]The contact for wireless LAN systems according to claim 4 cutting said 
determination means with relation from the one where received power from a 
terminal is smaller to priority when cutting correlation with a terminal which is 
already associated and is carried out. 

[Claim 6]By relating with a terminal in a communications area fixed with transmission 
power, In a wireless LAN connection method using a contact for wireless LAN 
systems which performs said terminal and radio, Loaded-condition decision 
processing which judges loaded condition of a self contact, and notice processing of 
loaded condition which notifies loaded condition judged by said loaded-condition 
decision processing to a nearby contact, Loaded-condition reception which receives 
loaded condition of a contact of said neighborhood notified from a contact of said 
neighborhood, A wireless LAN connection method performing transmission-power- 
control processing which controls said transmission power based on self loaded 
condition judged by said loaded-condition decision processing, and loaded condition 
of the neighborhood received by said loaded-condition reception means. 
[Claim 7]The wireless LAN connection method according to claim 6 when control of 
transmission power by said transmission-power-control processing is when self 
loaded condition is lower than constant value and nearby loaded condition is higher 
than said constant value, wherein it is raising a transmission power value. 
[Claim 8]The wireless LAN connection method according to claim 6, wherein control 
of transmission power by said transmission-power-control processing is maintaining 
or lowering a transmission power value regardless of loaded condition of said 
neighborhood when self loaded condition's is higher than constant value. 
[Claim 9]Are the wireless LAN connection method according to claim 6, and further 
based on self loaded condition judged by said loaded-condition decision processing. 
Decision processing with relation which relates and determines new correlation with 
a terminal in a self communications area which has not been carried out, and 
subsequent correlation with a terminal which is already associated and is carried out, 
A wireless LAN connection method performing executive operation with relation 
which performs correlation determined by said decision processing with relation. 
[Claim 10]The wireless LAN connection method according to claim 9 cutting said 
decision processing with relation preferentially from the one where received power 
from a terminal is smaller when cutting correlation with a terminal which is already 
associated and is carried out. 

[Claim 1 1]By relating with a terminal in a communications area fixed with 
transmission power, In a program for wireless LAN systems used with a contact for 



wireless LAN systems which performs said terminal and radio, A loaded-condition 
judging means which judges loaded condition of a self contact, and a loaded- 
condition reporting means which notifies loaded condition judged by said loaded- 
condition judging means to a nearby contact, A loaded-condition reception means 
which receives loaded condition of a contact of said neighborhood notified from a 
contact of said neighborhood, A program for wireless LAN systems operating a 
transmission-power-control means to control said transmission power as a contact 
for wireless LAN based on self loaded condition judged by said loaded-condition 
judging means, and loaded condition of the neighborhood received by said loaded- 
condition reception means. 

[Claim 12]The program for wireless LAN systems according to claim 11 when control 
of transmission power by said transmission-power-control means is when self 
loaded condition is lower than constant value and nearby loaded condition is higher 
than said constant value, wherein it is raising a transmission power value. 
[Claim 13]The program for wireless LAN systems according to claim 1 1, wherein 
control of transmission power by said transmission-power-control means is 
maintaining or lowering a transmission power value regardless of loaded condition of 
said neighborhood when self loaded condition's is higher than constant value. 
[Claim 14]Are the program for wireless LAN systems according to claim 11, and 
further. Based on self loaded condition judged by said loaded-condition judging 
means, A determination means with relation to relate and to determine new 
correlation with a terminal in a self communications area which has not been carried 
out, and subsequent correlation with a terminal which is already associated and is 
carried out, A program for wireless LAN systems operating an execution means with 
relation which performs correlation determined by said determination means with 
relation as a contact for wireless LAN systems. 

[Claim 15]The program for wireless LAN systems according to claim 14 cutting said 
determination means with relation from the one where received power from a 
terminal is smaller to priority when cutting correlation with a terminal which is 
already associated and is carried out. 

[Claim 16]A recording medium for wireless LAN systems in which reading in a 
contact for wireless LAN systems recording a program for wireless LAN systems of 
a description on at least 1 clause of Claims 11-15 is possible. 



[Translation done.] 
* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]It relates with the terminal (computer) in the communications 

area (cell) fixed with transmission power in this invention. 

Therefore, it is related with the program for the contact for wireless LAN systems 
(AP:Access Point), a wireless LAN connection method, and wireless LAN systems 
and the recording medium for wireless LAN systems which perform this terminal and 
radio. 

[0002] 

[Description of the Prior Art]Much LAN (Local Area Network: Local Area Network) is 
built with computerization of a company, a university, etc. However, it may be 
difficult to redo wiring, if change of the layout of the room arises, or to newly wire in 
an old precious building. In order to cope with these problems, the wireless LAN 
which transposed most most [ parts or ] to radio attracts attention, and 
standardization has come to be performed. 

[0003] LAN is used and it is a medium (in wireless LAN, it is not a cable and) with 
what kind of method about data. As a distributed access control system of the MAC 
(Media Access Control: media access control) layer which controls whether it 
transmits on space, there is a CSMA (Carrier Sense Multiple Access) system. In this 
CSMA system, each apparatus on LAN transmits a frame, when the existence of the 
carrier on a channel is detected and there is no carrier. In this system, a carrier is 
undetectable by a transit delay etc., and when the frame has been transmitted, the 
collision of a frame takes place. About cable LAN, it is IEEE 802.3, To a CSMA 
system. The CSMA/CD (Carrier Sense Multiple Access with Collision Detection: 
carrier sense multiple access with collision detection) system which added the frame 
collision-detection function and frame transmission interruption function under 
transmission is standardized. However, since it is difficult in wireless LAN to perform 
collision detection of a frame during transmission. The CSMA/CA (Carrier Sense 
Multiple Access with Collision Avoidance: subcarrier perception multi-access / 
collision avoidance) system which added the collision-avoidance function to the 
CSMA system has been proposed and examined. If AP to a reply cannot be found 
even if according to this CSMA/CA system a frame is transmitted and it carries out 
fixed time progress from a terminal to nearby AP (Access Point: contact), a frame 



will be transmitted again. 

[0004] However, when many terminals perform a lot of [ the concentration hips and a 
terminal ] data communications only in a specific area, a channel load increases, and 
the total amount required of a terminal is tight about channel capacity, and leads to 
deterioration of the communication efficiency within a channel, or communication 
quality. Therefore, generally, AP will take the measures of restricting the terminal 
number to connect or lowering a communication rate with each terminal, if a channel 
load becomes high. As a method of restricting such a number of splicing terminals, a 
new correlation demand of a terminal is refused or forced release of correlation is 
performed to the already associated terminal. In this method, although it is possible 
to stop the channel load of each AP, it does not necessarily lead to improving or 
maintaining the availability of the whole network. Although the channel with which 
refusal or the terminal by which forced release was carried out searches for another 
channel (AP) which can communicate, and the greatest RSSI (Receive Signal 
Strength Indicator: received radio field intensity) is obtained in correlation with AP 
used as a heavy load is chosen, RSSI runs short by the case where distance with 
AP is far, an electromagnetic-wave-propagation situation, etc., at the time of this 
search, and sufficient quality may be unable to be communicated. When a terminal is 
located especially near AP, such a situation happens easily. Such a situation can be 
explained using drawing 13. That is, as shown in drawing 13, the terminals alpha and 
beta are located in the communications area of AP^, and, moreover, the terminal 
alpha considers the case where the position and the terminal beta which are 
separated from AP^^ are in the position near AP^^. If communication with AP^ is cut 
by such a case, since the terminal alpha is located also in the cell of AP^, it can 
perform AP^ and radio by searching for AP^. However, since the terminal beta is not 
located in the cell of other AP of which, it cannot perform subsequent 
communication, a mutual sending signal is unreceivable like [ the case where such a 
terminal beta has a distance longer than the range which an electric wave reaches 
between radio terminals, and in case the obstacle which interrupts an electric wave 
is in between ] — what is called — " — it can hide and can be called the same state 
as substantially as terminal. ' therefore — a CSMA/CA system — " — when it hides 
and the problem of terminal ' arises, the terminal which cannot communicate will 
transmit the same frame repeatedly, and also will be the vicious circle that a channel 
load increases. 

[0005]this — " — the method of hiding and adding the structure of the 

communication right control by a RTS/CTS (Request To Send/Clear To Send) 

system to a CSMA/CA system as a measure for a terminal ' problem is generally 

known. This RTS/CTS system is defined by IEEE 802.11 standard. 

It uses combining the signal (RTS) which requires a transmission permission, and the 

signal (CTS) which answers a transmission permission. 

That is, a terminal adds RTS and confirms the existence of a transmission 

permission, and when the CTS frame of a transmission permission is received from 



AP, it can transmit. In this system, the GTS frame of the transmission permission 
which AP transmitted, Since it is transmitted also to terminals other than the 

terminal which transmitted RTS, it can turn out that other terminals are 
communicating with AP at the time, and the problem of transmitting the same RTS 
frame like a CSMA/CA system repeatedly can be solved. 
[0006] 

[Problem to be solved by the invention]however, although the problem of the vicious 
circle by repeating the above retransmission of message is solvable in a RTS/CTS 
system, it is said that it cannot transmit and receive — " — it did not hide and the 
direct problem of terminal ' is not necessarily solved. Therefore, there is no change 
in the availability of the whole network being restricted. 
[0007] As shown in drawing 14 as mentioned above paying attention to the 
transmission power of AP without paying attention to a transmission system, if a cell 
is enlarged and it is made to locate the terminal beta also in the cell of other AP by 
enlarging transmission power of AP — " — it is possible to hide and to solve the 
direct problem of terminal/' That is, if the cell of each AP is enlarged as shown in 
drawing 14, since the terminal beta enters in the next APp and the cell of AP^, even 
if it cannot communicate with AP^^, it can be communicated with APp or AP^. 
However, since transmission power becomes large by enlarging a cell, it is not 
desirable from a viewpoint of the low power consumption of AP. And if transmission 
power is enlarged too much, the radio wave interference between AP may occur. 
[0008]then — while this invention is made in view of the situation mentioned above 
and the power consumption of AP is stopped as much as possible — " — it aims at 
hiding and solving the problem of terminal." 
[0009] 

[Means for solving problem]In order to attain the above-mentioned purpose, 
invention concerning Claim 1, By relating with the terminal in the communications 
area fixed with transmission power. In the contact for wireless LAN systems which 
performs said terminal and radio. The loaded-condition judging means which judges 
the loaded condition of a self contact, and the loaded-condition reporting means 
which notifies the loaded condition judged by said loaded-condition judging means to 
a nearby contact, The loaded-condition reception means which receives the loaded 
condition of the contact of said neighborhood notified from the contact of said 
neighborhood. It is a contact for wireless LAN systems having a transmission- 
power-control means to control said transmission power, based on the self loaded 
condition judged by said loaded-condition judging means, and the loaded condition of 
the neighborhood received by said loaded-condition reception means. 
[0010]Invention concerning Claim 2 control of the transmission power by said 
transmission-power-control means. It is when self loaded condition is lower than 
constant value, and when nearby loaded condition is higher than said constant value, 
it is the contact for wireless LAN systems according to claim 1 being raising a 
transmission power value. 



[001 1]Invention concerning Claim 3 is the contact for wireless LAN systems 
according to claim 1, wherein control of the transmission power by said 

transmission-power-control means is maintaining or lowering a transmission power 
value regardless of the loaded condition of said neighborhood when self loaded 
condition's is higher than constant value. 

[0012]Invention concerning Claim 4 is the contact for wireless LAN systems 
according to claim 1, Based on the self loaded condition judged by said loaded- 
condition judging means, A determination means with relation to relate and to 
determine the new correlation with the terminal in a self communications area which 
has not been carried out, and the subsequent correlation with the terminal which is 
already associated and is carried out. It is a contact for wireless LAN systems 
having an execution means with relation which performs correlation determined by 
said determination means with relation. 

[001 3]Invention concerning Claim 5 is the contact for wireless LAN systems 
according to claim 4 cutting said determination means with relation from the one 
where the received power from a terminal is smaller to priority when cutting 
correlation with the terminal which is already associated and is carried out. 
[0014]Invention concerning Claim 6 by relating with the terminal in the 
communications area fixed with transmission power, In the wireless LAN connection 
method using the contact for wireless LAN systems which performs said terminal 
and radio, The loaded-condition decision processing which judges the loaded 
condition of a self contact, and the notice processing of loaded condition which 
notifies the loaded condition judged by said loaded-condition decision processing to 
a nearby contact, The loaded-condition reception which receives the loaded 
condition of the contact of said neighborhood notified from the contact of said 
neighborhood, It is a wireless LAN connection method performing transmission- 
power-control processing which controls said transmission power based on the self 
loaded condition judged by said loaded-condition decision processing, and the loaded 
condition of the neighborhood received by said loaded-condition reception means. 
[001 5]Invention concerning Claim 7 is the wireless LAN connection method 
according to claim 6 when control of the transmission power by said transmission- 
power-control processing is when self loaded condition is lower than constant value 
and nearby loaded condition is higher than said constant value, wherein it is raising a 
transmission power value. 

[0016]Invention concerning Claim 8 is the wireless LAN connection method 
according to claim 6, wherein control of the transmission power by said 
transmission-power-control processing is maintaining or lowering a transmission 
power value regardless of the loaded condition of said neighborhood when self 
loaded condition's is higher than constant value. 

[001 7]Invention concerning Claim 9 is the wireless LAN connection method 
according to claim 6, Based on the self loaded condition judged by said loaded- 
condition decision processing. The decision processing with relation which relates 



and determines the new correlation with the terminal in a self communications area 
which has not been carried out. and the subsequent correlation with the terminal 

which is already associated and is carried out, It is a wireless LAN connection 
method performing executive operation with relation which performs correlation 
determined by said decision processing with relation. 

[0018]Invention concerning Claim 10 is the wireless LAN connection method 
according to claim 9 cutting said decision processing with relation preferentially 
[ when cutting correlation with the terminal which is already associated and is 
carried out ] from the one where the received power from a terminal is smaller. 
[001 9]Invention concerning Claim 1 1 by relating with the terminal in the 
communications area fixed with transmission power, In the program for wireless LAN 
systems used with the contact for wireless LAN systems which performs said 
terminal and radio, The loaded-condition judging means which judges the loaded 
condition of a self contact, and the loaded-condition reporting means which notifies 
the loaded condition judged by said loaded-condition judging means to a nearby 
contact, The loaded-condition reception means which receives the loaded condition 
of the contact of said neighborhood notified from the contact of said neighborhood, 
It is a program for wireless LAN systems operating a transmission-power-control 
means to control said transmission power as the contact for wireless LAN based on 
the self loaded condition judged by said loaded-condition judging means, and the 
loaded condition of the neighborhood received by said loaded-condition reception 
means. 

[0020]With the "program" in this invention here. What consists of eclipse **** with 
turn of a command suitable for processing by the contact for wireless LAN systems 
(computer) is said. What is installed in HDD of a computer, CD-RW, etc., and the 
thing currently recorded on various recording media, such as CD-ROM, DVD, FD, 
and HDD of a computer, are also contained. 

[0021]Invention concerning Claim 12 control of the transmission power by said 
transmission-power-control means. It is when self loaded condition is lower than 
constant value, and when nearby loaded condition is higher than said constant value, 
it is the program for wireless LAN systems according to claim 1 1 being raising a 
transmission power value. 

[0022]It is the program for wireless LAN systems according to claim 1 1 being that 
invention concerning Claim 13 maintains or lowers a transmission power value 
regardless of loaded condition of said neighborhood when self loaded condition of 
control of transmission power by said transmission-power-control means is higher 
than constant value. 

[0023]Invention concerning Claim 14 is the program for wireless LAN systems 
according to claim 11, Based on self loaded condition judged by said loaded- 
condition judging means, A determination means with relation to relate and to 
determine new correlation with a terminal in a self communications area which has 
not been carried out, and subsequent correlation with a terminal which is already 



associated and is carried out, It is a program for wireless LAN systems operating an 
execution means with relation which performs correlation determined by said 
determination means with relation as a contact for wireless LAN systems. 
[0024]Invention concerning Claim 15 is the program for wireless LAN systems 
according to claim 14 cutting said determination means with relation from the one 
where received power from a terminal is smaller to priority when cutting correlation 
with a terminal which is already associated and is carried out. 
[0025]Invention concerning Claim 16 is a recording medium for wireless LAN 
systems which can be read in a contact for wireless LAN systems recording a 
program for wireless LAN systems of a description on at least 1 clause of Claims 
11-15. 

[0026]What is necessary is just to be able to use it for reading of a program for 
operating each means with a "recording medium" in this invention with a contact for 
wireless LAN systems (computer) here, and it is not dependent on how information 
is recorded using the physical characteristic of a medium, and a physical record 
method. For example, FD, CD-ROM (R, RW), DVD-ROM (RAM. R, RW), MO, MD, 
magnetic tape, etc. correspond. 
[0027] 

[Mode for carrying out the inventionJOne embodiment which uses Drawings below 
and starts this invention is described. 

[0028]Drawing 1 is a figure showing an entire configuration of the wireless LAN 
system 1 concerning this embodiment. As shown in drawing 1, the wireless LAN 
system 1 is built via cable LAN2 with a computer terminal (here the terminal alpha) 
which can communicate using AP^^^ and neighborhood AP (APg etc.), each AP, and 
wireless LAN as a contact which can communicate. Since it is the same, below, all 
composition of AP explains composition of AP^. In this embodiment, a case where 
APp^ performs the terminal alpha and radio is explained. 

[0029] APy^ is provided with the main control part (CPU) 10 which controls this whole 
AP^, and the program store part 1 1 a program (p) required for operation of the whole 
AP^ including this main control part is remembered to be. This program (p) is a 
program for performing a function (processing) later mentioned to AP^^^. 
[0030] APys^ is provided with the switch 1 3 connected to the antenna 1 2 for carrying 
out radio to the terminal alpha, and this antenna 12, and it is provided with the 
receive section 15 which receives the transmission section 14 and an electric wave 
which transmit an electric wave by the change of this switch 13. AP^ is provided 
with the transmitting and receiving controller 1 7 which controls operation of the 
transmission section 14 and the receive section 15. AP^s^ is provided with the 
transmission power control section 16 which controls transmission power of the 
transmission section 14, and also as for the transmission power control section 16, 
operation is controlled by the main control part 10. AP^ is provided with the received 
power measuring part 18 which measures electric power of an electric wave 
received in the receive section 15. AP^ is provided with the load measurement part 



19 which performs load measurement of self-AP^ in order to judge the three below- 
mentioned loaded condition by the main control part 10. AP^^ is provided with the 
external interface 20 for connecting setting terminal [ of the main control part 10 

and the exterior ] 3, and cable LAN2. 

[0031]The transmission power value table 21, the received power value table 22, the 
load threshold table 23, and the contiguity AP definition table 24 are built by AP^. 
[0032] Among these, the transmission power value table 21 is a table used in order 
to set up the power value for every transmission power level and to change the 
transmission power of the transmission section 14 by the transmission power 
control section 1 6, as shown in drawing 2. 

[0033]As shown in drawing 3, the received power value table 22 is a table for 
managing RSSI for every terminal MAC Address of each terminal, and manages the 
power value (the newest value) measured by the received power measuring part 18. 
The received power measuring part 18 is added when there is no entry of this 
terminal, whenever it measures a power value for every terminal related with self- 
APp^ and communication with a terminal is performed, and when there is already an 
entry of a terminal, it updates a value. 

[0034]The load threshold table 23 is a table for managing the load threshold value 
(%) which determines the state of the channel load of self-AP^^, as shown in drawing 
4. 

[0035]The AP definition table 24 is a table for managing the MAC Address of AP 
near the self-AP^^ soon, as shown in drawing 5. Neighborhood AP managed with this 
neighborhood AP definition table 24 is one or more AP installed near the self-AP^^, 
and is AP which has a cell of self-AP^^, and a lapping cell. This neighborhood AP is 
set up in consideration of AP arrangement topology and an electromagnetic-wave- 
propagation situation. 

[0036]The value managed by the transmission power value table 21, the load 
threshold table 23, and the contiguity AP definition table 24 can be inputted using 
the setting terminal 2, and inputs data into each tables 21, 23, and 24 before start 

up of AP^. 

[0037]Then, the characterizing portion of this embodiment is explained still in detail. 
Roughly divide the characteristic function of this embodiment and The judgment of 
the loaded condition of (1) selFAP^, (2) Since it is three, change of correlation of 
the terminal based on the judged load information, and change [ of the transmission 
power of (3) self-APy^^ and self-AP^ based on the loaded condition of neighborhood 
AP ] **, below, divide and explain these features. 

[0038](1) In the judgment load measurement part 19 of the loaded condition of self- 
APp^. The load value of self-AP^ is measured by adopting individually the rate of 
channel busy, the terminal number which self-AP^ associates, the CPU activity ratio 
of AP^, etc., or adopting combining these. In the main control part 10, the loaded 
condition of self-AP^ is judged based on the load measurement value measured in 
the load measurement part 19. This judgment method is tested by comparison to the 



load threshold table 23 showing the load measurement value measured in the load 
measurement part 19 in drawing 4, four load threshold values (LHtoL' l-LtoH' LetoH-) 
One is chosen from Lh^e is judged whether it is in which state in three loaded 

condition (low loading, a heavy load, very heavy load) based on the change state 
concept of the loaded condition of AP which shows this selected load threshold 
value in drawing 6. The load threshold value shown in drawing 4 is an example, and is 
not limited to this. 

[0039]It is necessary to set up the load threshold value shown in drawing 4 change 
in hysteresis to loaded condition. It sets up in this way because the following 
problems will arise, if the loaded condition of AP^ changes frequently at a short 
interval. Namely, in the AP^^ side, the below-mentioned correlation processing and 
transmission power control by the main control part 10 are performed frequently, 
cause the increase in processing of AP^^, and in the terminal alpha side. By switching 
AP frequently, it is the problem that a communicative overhead increases and a 
channel load increases. 

[0040]The self loaded condition which judged [ above-mentioned ] to all the 
neighborhood AP via external-interface 20 and cable LAN2 by the main control part 
10 whenever the loaded condition of self-AP^^ changed is notified. The notice of 
loaded condition of neighborhood AP conversely notified via cable LAN2 soon from 
AP whenever the loaded condition of AP changed soon is received. 
[0041](2) Based on the loaded condition of self-AP^^^ which judged [ above- 
mentioned ], the change main control part 10 of correlation of the terminal based on 
the judged loaded condition determines correlation with a terminal, as shown in 
drawing 7. For example, when self-AP^^ is low loading, the demand (transmission 
permission demand) of the new correlation from a terminal is permitted, and 
correlation with the terminal which is already associated and is carried out is 
maintained. When self-AP^^ is a heavy load, the demand of the new correlation from 
a terminal is refused, but the correlation with the terminal which is already 
associated and is carried out is maintained. When self-AP^ is a heavy load very 
much, the demand of the new correlation from a terminal is refused, and forced 
release of the correlation with the terminal which is already associated and is 
carried out is carried out. 

[0042]It controls to set and cut one every predetermined time interval (t^rans) ^o"^ ^ 
terminal with small received power preferentially about the forced release of 
correlation with reference to the received power value table 22 shown in drawing 3. 
Since this will cut in order (order far from AP^^^) with the position of a terminal near 
the peripheral edge part of a cell, correlation can be cut being easy to generate, 
hiding near the AP^^, and suppressing the possibility of an appearance of a terminal 
low. However, a cutting order foreword may get mixed up by movement of an 
electromagnetic-wave-propagation situation and a terminal. 

[0043]The above-mentioned predetermined time interval (t^^ans) when it gets it 
blocked and the loaded condition of self-AP^^ changes with correlation cutting of a 



terminal about the cutting interval of correlation, it sets up so that time until it 
changes to the reduced new load steady-state value may be secured. 
[0044](3) The change transmission power control section 16 of the transmission 
power of self-AP^ and self-AP^ based on the loaded condition of neighborhood AP, 
According to directions (Boost level/usually level) of the transmission power level 
from the main control part 10 shown in drawing 8 whenever the loaded condition of 
self-AP^ or neighborhood AP changes, A transmission power value (mW) is changed 
based on the power value (value [ of a Boost level ]/usually value of a level) 
managed on the transmission power table 21 shown in drawing 2. That is, the 
transmission power control section 1 6 is controlled based on the self above- 
mentioned loaded condition and the loaded condition of the received neighborhood 
to make the transmission power of self-AP^^ usually change into one of a level and 
the Boost levels (usually electric power of the electric power <Boost level of a level) 
to be shown in drawing 8. By drawing 7, here the difference from above-mentioned 
drawing 7 to making correlation with a terminal change only based on the loaded 
condition of self-APy^^ in drawing 8. As shown in drawing 8 which is the point of 
making the transmission power level of self-APy^ controlling based on the loaded 
condition of both self-AP^ and neighborhood AP, When self-AP^^ is a heavy load very 
much, even if AP is a heavy load very much soon, AP^ will maintain a transmission 
power level regardless of [ soon ] the loaded condition of AP with the usual level. On 
the other hand, AP is a heavy load very much soon, and when self-AP^ is low 
loading, load sharing is performed as the wireless LAN system 1 whole including 
selFAP^ and neighborhood AP, and AP^^ raises a transmission power level to a 
Boost level, and will assist AP soon. 

[0045]It sets up so that it may hide and an electric wave may arrive by sufficient 
intensity for a terminal, but the Boost level needs to set up transmission power 
become a range in which the electric wave of the same frequency band does not 
interfere in consideration of the radio wave interference between AP by the 
increase in transmission power located in the cell of AP soon. 

[0046]Then, operation of the wireless LAN system 1 concerning this embodiment is 
explained. Here, as each AP showed drawing 9 (a), as shown in drawing 9 (b), AP^ 
was from the case of a low loading state in the heavy load state (or heavy load 
state) very much, but AP will explain soon the case where it is still a low loading 
state. In the wireless LAN system 1 with which drawing 9 (a) consists of AP^ and 
neighborhood AP (AP^, AP^, APp, AP^, APp, APq), The case where the terminal alpha, 
the terminal beta, and the terminal gamma exist in the cell of AP^^^ is shown. The 
solid line arrow between AP^ and the terminal beta shows the state (state of 
synchronizing) where already relate and it is carrying out. That is, at this time, 
correlation of AP^^, the terminal alpha, and the terminal gamma is not performed. 
[0047]substantial in the terminals alpha and gamma, when the channel load of AP^ 
increases, as a result of the terminal's beta performing [ the state which shows in 
drawing 8 (a) ] a lot of data communications — it hides and will be in the state of a 



terminal. In this case, the load value of self-AP^ is measured in the load 
measurement part 1 9 of AP^. In the main control part 1 0, the loaded condition of 
self-AP^ is judged based on the load measurement value measured in the load 
measurement part 19. Here, it has judged with it having been in the heavy load state. 
[0048]Next, based on the loaded condition of self-AP^ which judged [ above- 
mentioned ], the main control part 10 determines correlation with the terminal beta, 
as shown in drawing 7. Based on this determination, the main control part 10 
performs correlation. Here, since it is a heavy load state, the main control part 10 
maintains correlation with the already associated terminal beta, although the demand 
of the new correlation from the terminal alpha and the terminal gamma is refused. 
[0049] On the other hand, since loaded condition of self-AP^^ has changed from a low 
loading state to a heavy load state, the main control part 10 notifies loaded 
condition of self-AP^^^ to all the neighborhood AP via external-interface 20 and cable 
LAN2. This will receive a notice from AP^ by AP soon. 

[0050]Next, in each neighborhood AP, a transmission power value (mW) is changed 
based on a power value (value [ of a Boost level ]/usually value of a level) stored in 
each transmission power table 21 shown in drawing 2 according to directions (Boost 
level/usually level) from each main control part 10 shown in drawing 8. Here, each 
neighborhood AP is in a low loading state, and since AP^ as neighborhood AP seen 
from APg etc. soon is a heavy load state, it raises transmission power in each 
neighborhood AP, and changes it into a Boost level by it. Drawing 9 (b) shows the 
state where a cell of each neighborhood AP became large, as a result of changing 
into a Boost level by each neighborhood AP in this way. Thereby, even if the 
terminal alpha cannot perform correlation with AP^, it can perform correlation with 
AP^ or APp by searching for new connection destination AP. Even if the terminal 
gamma similarly cannot perform correlation with AP^, it can perform correlation with 
APq by searching for new connection destination AP. 

[0051] According to this embodiment, as explained above, it hides, and since the 
terminals alpha and gamma as a terminal will be able to communicate with AP soon, 
they can hide and can solve the problem of a terminal. And AP usually uses the 
transmission power level as the level, and since it raises to a Boost level only when 
assisting communication of AP^, it will be able to stop the transmission power of 
each AP as much as possible soon. 

[0052]Mapping of transmission power according to mapping of correlation processing 
according to the loaded condition of drawing 7 and the loaded condition of drawing 8 
is customizable according to an employment policy. For example, as shown in 
drawing 10, it adds "it being a low loading state very much" as loaded condition 
(simultaneously). [ whose load is still lower than a low loading state ] It is also 
possible a Save level and to usually set up a level and a Boost level as an output 
level which adds a corresponding load threshold value and also changes mapping of 
correlation processing. Self-AP^ is able to set up a "Save level" usually lower than a 
level very much, only paying attention to the loaded condition of self-AP^^, at the 



time of a heavy load, as shown in drawing 1 1 . Thus, according to an employment 
policy, fine load sharing control point setting becomes possible by customization of 

mapping of correlation processing according to loaded condition, and mapping of a 
transmission output level according to loaded condition. However, in consideration of 
a signal to noise ratio falling due to lowering of electric power, communication quality 
needs to set up a "Save level" within limits kept good. 

[0053]By subdivision of above loaded condition and transmission outputs, operation 

of wireless LAN system 1' as shown below is attained. 

[0054] Here, as each AP showed drawing 12 (a), as shown in drawing 12 (b), AP^ was 
from the case of a low loading state in the heavy load state very much, but AP will 
explain soon the case where it is still a low loading state. In wireless LAN system 1' 
which consists of AP^^ and neighborhood AP, drawing 12 (a) shows the case where 
the terminal alpha, the terminal beta, and the terminal gamma exist in the cell of AP^. 
The solid line arrow between AP^ and the terminal beta shows the state (state of 
synchronizing) where already relate and it is carrying out. That is, at this time, 
correlation of AP^j^, the terminal alpha, and the terminal gamma is not performed. 
[0055]If a channel load of AP^ increases dramatically in the state which shows in 
drawing 12 (a) as a result of the terminal's beta performing a lot of data 
communications, as shown in drawing 10, in order that AP^ may refuse new 
correlation of the terminals alpha and gamma, it hides and the terminals alpha and 
gamma will be in the substantial state of being a terminal. And as shown in drawing 
10, APy^ cuts correlation with the already associated terminal beta. However, as 
shown in drawing 1 1 , selFAP^ lowers transmission power to a Save level, and AP will 
raise transmission power to a Boost level soon, thus, wireless LAN system 1' — by 
performing load sharing as a whole. As shown in drawing 12 (b), APp or AP^, and 
communication of the terminal alpha are attained, APp and APq, and communication 
of the terminal beta are attained, and APg, AP^ or APp, and communication of the 
terminal gamma are attained. 

[0056]As explained above, it is possible to protect self-AP^, even when it is in the 
pole heavy load state which must cut correlation with the terminal beta which self- 
AP^ already associated and was carrying out when even a Save level subdivided 
transmission power. 

[0057]In the above-mentioned embodiment, when AP becomes a heavy load soon, it 
shall have directivity for the antenna 12 of AP^^, and may control to make a 

transmission output increase only in the direction of AP soon. Radio wave 
interference with neighborhood AP at the time of little power consumption being 
able to perform load sharing by this, and making an output increase can be 
suppressed few. What is necessary is to add azimuth information to AP definition 
table to each neighborhood AP soon, and just to perform transmission power control 
for every directional antenna, in order to realize this combined system. 
[0058]It is not necessary to amend or change the method of the correlation in the 
above-mentioned embodiment by adding the function to change a communication 



rate with each terminal according to the load of self-APys^, to invention concerning 
the above-mentioned embodiment. 

[0059]The memory work of the program (p) to the program store part 1 1 in the 
above-mentioned embodiment can also be carried out by using recording media, 
such as CD-ROM on which the program (p) is recorded. 
[0060] 

[Effect of the Invention]By according to this invention, two or more AP's 
transmitting and receiving self loaded condition mutually, grasping it, and controlling 
transmission power based on the loaded condition of self-AP, and the loaded 
condition of neighborhood AP, as explained above. It is controllable that AP will raise 
a transmission output soon that communication of AP should be assisted soon when 
self-AP is in a low loading state in a heavy load state etc. thus, substantial by 
performing load sharing as the whole wireless LAN system — " — it can hide and 
the problem of terminal" can be solved. And the transmission power of each AP can 
also be stopped as much as possible by controlling transmission power, such as 
raising, only when AP will usually use the transmission power level as the level soon 
and communication of AP^^ is assisted. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The figure showing the entire configuration of the wireless LAN system 1 
concerning one embodiment of this invention. 

[Drawing 2]The key map of the transmission power value table 21 of this invention. 

[Drawing 3]The key map of the received power value table 22 of this invention. 
[Drawing 4]The key map of the load threshold table 23 of this invention. 
[Drawing 5]The key map of the neighborhood AP definition table 24 of this invention. 
[Drawing 6]The key map showing the change state of the loaded condition of AP. 



[Drawing 7]The key map showing processing of correlation with the terminal 
according to the loaded condition of self-AP concerning an embodiment. 
[Drawing 8]The key map showing the transmission power level of self-AP according 
to the loaded condition of self-AP concerning an embodiment, and neighborhood AP. 
[Drawing 9]It is a figure in which (a) to AP^^^ having been in the heavy load state (or 
heavy load state) very much when each AP was in a low loading state, but showing 
the size (the range of a communications area) of the cell of (b) when AP is still a low 
loading state soon. 

[Drawing 10]The key map showing processing of correlation with the terminal 
according to the loaded condition of self-AP concerning other embodiments. 
[Drawing 1 1]The key map showing the transmission power level of self-AP according 
to the loaded condition of self-AP concerning other embodiments, and neighborhood 
AP. 

[Drawing 12]It is a figure in which (a) to AP^^^ having been in the heavy load state 
very much when each AP was in a low loading state, but showing the size (the range 
of a communications area) of the cell of (b) when AP is still a low loading state soon. 
[Drawing 13]The figure showing the size (the range of a communications area) of the 
cell of each AP in the conventional wireless LAN system. 

[Drawing 14]The figure showing the size (the range of a communications area) of the 
cell of each AP in the conventional wireless LAN system. 
[Explanations of letters or numerals] 

1 Wireless LAN system 

2 Cable LAN 

3 Setting terminal 

10 Main control part 

1 1 Program store part 

1 2 Antenna 

1 3 Switch 

14 Transmission section 

15 Receive section 

16 Transmission power control section 

1 7 Transmitting and receiving controller 

18 Received power measuring part 

1 9 Load measurement part 

20 External interface 

21 Transmission power value table 

22 Received power value table 

23 Load threshold table 

24 Neighborhood AP definition table 

(p) Program (program for wireless LAN systems) 
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A/CD (Carrier Sense Multiple Access with Collis 

ion Detection MW&^'m^mr ^ ^ 7-^ /m^^^&iW 

mmmiitix\,^i>. bt^b. jteSLANtrB. mm 
c s uAi]^t^imsmm^{mbfcQ s ma/c a 

10 (Carrier Sense Multiple Access with Collision Avoi 
dance :ffiSiS^*n*S7 42X/fR§^|ilffi)^S:03Ji* 
•^HsfSnrtfco C©CSMA/CA:^^(Cj;*a«. 
JSK*^6)a»©AP (Access Point:i^^Sg)K>EtLT 

:7u-A^3i{tL. -%mmmbxhAvi}^himti^ 

[0004] tC^ifi. W&DX. t)TI<C<D^^m<DM^ 

iSjMb. 9 1- ^oH*3©jiif ja^^jlif p°pM©fiTKT 
20 i^CJ&iS, — Jja(C, APW5^i'^;l'*#*5i^< 

h?rTtf§it^-ofc>[tffi?:iS„ d© J; -5 ^jiSfi^ffi 

*«^^|ij|iM-r5*i£i LTti. ts*©ffsii«a{^ws3}c 
w©?fiF|f|J^^lBf4^f 5„ c©77ffit!B, ii^oAPog'f 

fii^hfi\.K iSAi^i^cofcAP i©Mjim*msx 

B?s$im»f$nfcS*B. aftiijtg^=c);ij©3^i'^^;i' (a 

30 P) 4fl^L/. *A©RSS I (Receive Signal Streng 
th Indi cator :S<t«<g5Sa)*5# 6 <1 5 + ^ ^^SS? 

T-Sj^^. C©S*B#(cAP i©g&gf/53St^ii-^^migi5 
fltt?£9CcJ; D R S S I +5Ji:c^i,®©afi/55 
If ;t i'^c i. ^ C i *5 S o A P ©a < CcSS^^ifit^ U fc 

Jt^fc. rL^bicmumc^'^tx.^. cojc^^ct*;* 

scc/j^fj; ^icc, aPa ©affi. yrrtKffijf^a. /s*^ 

fi^L. bt!^^Wf^a\tAY'^ii-'hmi\1dm.. m^d 
40 ^-CAPa i©aff*^WStir ^i. S*attA 

Pe ©•feJH*i(c^fegLTi^i>/c&. aPe 4gi?^-rs 
u. ^TR^Sttffeoi'oAPo-feJU^fcfcfigLri^^ct^ 

fcS), ^©fl©aff?rtf -5 Ci^s'-Ctftt.^ C©J;^^i: 
^/S«. Sjg©)i<|fflj:i3&t«SF^©gg»5*c^ 
Jf^-^'. rHlK«iS^«S^«©I*s*'S«^©J:^(c. 5 

i^©33tftff-^^^ff-c#&L\ runffiSj i 

IIMlNK^D««Jil^5£:i*5t:-#l>„ ^©fc&. CS 

MA/CA:73iS;-c«. runssj ©Kffl^^iD/cit^ 
50 CCK> jim-e*JSl*SSS«HS4>|S|D7U-A*^l<i-r 



5 

[0 0 0 5] c© m^m^] mm<D)(mt or c 

SMA/CA77TS;fcRTS/CTS (Request To Send/C 

lean To send)i^^icj:^mmmmmoi±m^^Da^?, 

K. IEEE 802. iiffifgr^asnrteo. jlftttiij^s 
^-rsfi-^ (RTs) ;^fii*Bjjc)£g-r§fi-^ (as) 

^xm@i^'5]<DMM^mi)^^, APJ:f53ll#?FBlcr)CT 10 

-S, CCDi^-Ctt, AP5!»JjimL?cji^nI(DCTS7 

■SCi/S^iJ-ia^O, CSMA/CA:^S®j;5JC{5Jffi^^|5l 
D R T S 7 l^-- i C i 

[0006] 

[|6BJ:^Wi^LJ;5it-SiSII] LA^bf^A^ib, RTS 
/CTS:^S-C». ±iB©J:^^cSjSft*iail5iI^C<!: 20 

[0 0 0 7] tfc, ±5B©J;'5Kjlfi7?SK»@-r^© 

*<t. S*i3*ffi<DAP(D-fe;n^fc^>tia§ti--5J:^ 

Bortgr^S. B!P^> HI 4K7j^TJ:5fc§AP©i2;l' 30 
iiZ^<tih. JS*i8»»©APd , APe 042;Vrt 

ccASfc*. aPa iafirtft<-r'fe, aPd X»a 
Pe iaff-rSf:i/53F[tgr4S„ L/S^L-, 
<f§Ci(cj;or. miMmtlA-i:K^<t£ifc^. AP 

mt)^A^<s^m^?>t. APiffl©sig^*3&5^-r 

[ 0 0 0 8 ] -ecr. *|gHJ!B±aiL'/c»tf ?ril^r?i; 
[0009] 

[iij®*)$l^^5fc&©^S] ±IB@W**SS^-2.fc 

aft i y T rt©!S* i Miif^ W ^ if ^ C i K J; o . Mia 
i *Mft*^f ^5 ftel L A N i'X 7^ AfflSi^^K 

te t ^ r , g B©«fe^iSg©:»#««l^ WjE-r S*#««J 
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mnrnvKM^iMm^ic x o r sft b fci&mcoMmim t 

i. =&W-r-5Ct?:#«ti-rSM«LAN?^y^5^AfflS 

[0010] 11*112 fcff ^,#iHj5tj:^ wMWmmtsmm 

i4*$ffii-rSi»*Ji 1 KiB«S4©ftt;^LAN^>Xf-Affl 

[0011] 11*113 tcfi^^^?gtt, Miasffs^fiw 
m^\m^moumhA^iyx7-i.mwmw^h 

So 

[0012] 11*114 {Cff^,|6Bj3ti, ffjJtJi 1 Kiatg© 
«MgLAN'>;^7^Affl^i^«g-C*)-or. MK. I^IB^ 

m\mmn^mz. x ^ xmn btcu H©:t ^ttsiKS-^ 

K3i#aif#f5i> 4W-r^.ci^^#iiti-rsfli^LA 
[0013] m^rnb ic^tmmt. mtmmt-di^^ 

miti C i i -r ^«3Rra 4 fCtStgO^i^ LAN 

[0014] f»*ii6 i>m^§m\t^ mmmt!^cx-^x 
fcaffi y y i^©ss i ?:if ^ c i tc j: 
m^im^tmimm=s:'<7^fmLANiy:^^i.mm 

mmm^mm l tcmm l a Nmmi?-mc^ i ^ r . g b© 

iaA#tt«MiJSM(CJ;-5-C*iJSU/cfi#tt»l?ra^© 

ilSg^^6ffi*astifcffriaM*©ffi^Sg©Ji#tt«J?r 
i 4 ftit i f ftt^ L A N SSI;? s f * 4 . 

[0015] mms7 ic^mm^t. mmmmfitimm 

Mfc si^ff s;fj©fffijfflitt, g ^(Dnw\m*^-mA 

i *!RFm<t -r S»*]H 6 (CfB|g©«6lgL A NSi^:^ffit? 



[0016] nmmsim^mmt. mtmmmMm 

msmijm^mmxitn-f^ c i -r * s c t ^mmtf 

s 11*11 6 icnmomm lan mmi^mv h h „ 

[0017] i|5}<II9Kf^S^HJ3B, tf5j<II6fCiBig© 
SMC J; oTt^LfcHaf^W^Htft-aMiif^^tf 

[0018] » 1 0 K^sifeH^tt. wiawaf^f^s 

WK^K -r hct -r sifsRa 9 fcisit©te« l 
ANmmumv^,^. 20 

[0019] ifsRiB 1 1 i,mi>mma. minrntii^cj: 

J: f3 , miilm^tMUmiw^n 5 MUL A N ->;^ r am 
Kfc I , i S©gfilS^©fii#tt«J?:WS-r 6 MMit 

B!riBjfii^©^jia*'6a*D$nfciriBj£{f©«fii 

MVimm'Mm&ic^-oxmMbfcse.<DM^tmt. m 30 
iE«m*;^sM#® tc J: ufc ja^©*?st*si i 

-r €. Jtel^ L A N X r A M 7* D 7 A r s „ 
[002 0] CC-C, *l6WC*ilfS r:/o^^Aj i 

K. fittSLANv-Xf AIHgMSg {3>t:V-3r) {C 

^t,iC\ 3>t:-:j."-a?©HDD. CD-RW^fC-f^;^ 

h-;U3tlTI,»Si©^. CD-ROM. DVD. F 

D, 3>t:-^^^;©HDD^©#i«iB»iifttCfB^$n 40 

rt^5^>©^5^sns„ 

[002 1 ] 11^ 1 2 WiBjllffiS:tl*(| 

[0 0 2 2] imm 1 3 tc#sigHj5tt, mmmiM'mtim 
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AT5)5„ 

[0 0 2 3 ] m^m 1 4 fci^^^fSajiS. lisjcli 1 1 tclB 

t8©ii«LANe^xf-Affi-/ni/^Ar*oT. mk. 

mi?.mimnmms. icx-^rmmbtcs^m, mm 

i, ttlBRia#J*£^mcj;-:,Ti*5EL/cHa#W^II 
If-rSWil^tT^iai. >&MLAN^>;^^Afflgg| 
«g {C iltl S if -5 C <!: 4 #m i -r S »l« L A N :^ 5^ A 

i5:7'ni?'^At:'S..S„ 

[0 0 2 4] ff^ii 1 5 t^mzwMit. mmmmit9i7S. 
mm. mms^m-t L-tu^>s*i©pa^^w^^^jK 

tc^ow-r s d i 4!ff a i -r sitjRji 1 4 jciats©i6KL 

A N ;^ r A 7" ti i?' 7 A -C * S o 

[0 0 2 5 ] imm 1 6 (ci^siga/^tt. tmm 1 1 7!)S 

1 5 (D'ptj: < i *>-]BKtat8©iliSlL ANi/::^7"Am:/ 

ti i^' ^ A ^ tali L fc d i ?r #S{t i -r 5 L A N >- X r 
AlBSilSg-CK^m nJ«g^C«L A N v';^ r AJ^IB 

[ 0 0 2 6 ] c c-c. *^i§{c*jj^s ^^mmwi i 

##154 mtE S -a ^ &© 7 a i?' ^ A ©g^^^^m D icffiffl 

&^btj:l\ i^iJ^B. FD. CD-ROM (R, R 
W) . DVD-ROM (RAM. R. RW) . MO. M 

D. ms(.7—:fm*mmi,. 

[0 0 2 7] 

[ 0 0 2 8 ] 0 Itt. *ll*feffJ^{c^5jiiilL ANi^X 

rA l©^fef*«)S?r/j^T0-C*S„ 0 1 KT^f J; -5 K. 
MSLAN>';^rA 1 B. WSLAN2?:/rLratiBf 
t^^cffiilS^iL'-t©APA 3fec;SCfi#AP (AP 
B^) i. #APijfe«LAN>&^JfflLTa^oItl):i:3 

aPa ©flJeS^&iiiiig-rSo sfc. **Jfeji^«(c*5t<^T 

[0 02 9 ] APa », C©APa ^#©|IJfP?rtf5^ 
SIJSISP(CPU) lOi. C©S^JiJS|5^^tofcAPA 

Di^-'^AlB'ttgR 1 14ff;irt^So £:©7"0 A(p) 

«. APa {ctga-rs« (^iia) ^mnsii^tcit>(o 
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[ 0 0 3 0 ] sfc, A Pa B> tMMmiwri,f>i 

Mcj: r, m^^miwr^miwsi i ARzfmm^^iwt 6 

^figPl b^m^Xi,^^. M(C. APa ». iifiaJl 4 

SO^'SfigPl 5CDIiif1:^r$IJffll1-SjlSff$IJMn 7^ff 

MK. APa SffSPl 5t:-SfiLfcS«©S±l?:it 10 
a'J-rSSff«^lt«l 8>l:«^-Ct»So S/c. APa 

^Xl^i>. MK, APa ^fiJMl Oi?fgp©|g^ 
in* 3 SCJ'Wig L A N 2 ^ gil-r S tc&<D9\-m -f > - 

[0 0 3 1 ] Sfc, APa Ktt, sJfim^jf[ir-:?';V2 
1 , y'Jl 2 2 , :t#P^ttr- ^Vl- 2 3 > 

SO^Pa A P S«r - 2 4 $ tin ^ S o 

[0032] c©5 -^^ jiffi«:t»iif'-:/;V2 l H 20 

r*j J3 . minmmm^ 1 8 -ci^ftsp 1 4 ©i2im«/'3^ 

[0033] :/;i'2 2 »> 03 (C 

7j^-rJ:^iK. &S^©S^MACT F U:XSKR S S I 

4»ffl-r^fc4&©r-7Vi.r^,i3> ^imjjmmi s 
^ittjgn 8(*, @bapa {cMji#i^6nfcs*S{c 

!S*©j:> h y^O^iSt^iS^iJiiJiDL/. IS{C!S*©J^>F 30 
[0 0 3 4] Sfc, :t?^llfiif-7'JV2 3 tt, il4CC7j^ 

-rj;^tc:. SBAPa ©?i'^oi.:t?gf©tt«J?:gi^-r-S 

[003 5] S?c> j5«lAPSIIf—:?';V2 4»> H5 

CC7i^-rJ;5{c. gBAPA ©aff©AP©MACr FU 
:^^tffl-rSfc&©r-^'jL'r*S„ C©MfAPS« 
■?--:7';I/2 4r'ffiiL'ri^l>£f#APa, gBAPA © 
3afiS(CS!g3nfcloiJ(±©AP-C*-pT. iBAPA 

©•fe;i/im&s-fejv?:*-r?.APr*?.. comsap 40 

[0036]!^. j^fiS^IlT^- v^JVE 1 . «#PWii7^ 

-:/;U2 3. R^'RSAPS«r- ::^Jl'2 4Kgil§n 
■C C ^ 5 fl« . KSi^S 2 ^ Wffi U r -r ^ C i :^)^ nJtl 
§f-:/;v2 1. 2 3. 2 4fC«APA©m» 

[0 0 3 7] g^t^r, *:|IWJ«J©tf^agP5}'?:MtCf¥ffl 

^w-c ( 1 ) iHAP* (onM^mDm^. {2)m& 50 
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h-kMmmmcm-3\.^fcm^<Dmmm<D^w.. ( 3 ) 

iBAPA iaffAP©:i?S!K«lJca-:5t^fciBAPA 
©iiffii;^©SM. ©3-o-c^,§fce6. Ji(T-eBcn6 

[0038] ( 1) iBA Pa ©A1^«IS©*I5£ 

ftf^ittJgP 1 9 -Cii . 9^ 1. ^oL- f g H A P A *5 

Mai^Wf^SSi:. APa ©CPUffiffl*i^cC£'4W 

citci-pTiBAP* ©filSffit=&tf-jii-r^„ i 

Ka-3t,»-c. sbapa ©fiffiWJ4fl£-rs. c©w 

ft#H-i'JSPi 9rtf-i!|Lfcft#ltS!lfl[*04 
{c^-rm#lllffi7^-:?'Jl'2 3{cM6b^*5-ti-t:. 4-o© 

:ftifffWii (L„„L. LLt.H, L„.„. L„,,,) (D^-fy^h 
— o^jlJRL, C©ilfRLfc:ft#Sgffl>l:0 6fcii^-rAP 

li, — i^j-Ccfe-Q-c, ctiKi5ES-r-S)^>©-c'B&t,^„ 

[ 0 0 3 9 ] SSfc. 04(Cm^m#ilfflB. 

L r b ;^ f U v-x W fcB#-r 5 J: 5 {ct^5t L r < 
c:©ct:5{cia5t-rs©«, aPa ©:tfi^l^;M 

j^^s I ^ PhI ps-r«mKa#-r 6 i , ;x© i PB^gi^i^fe d 

APa ©MffliiJD^ijItiaCL'. tS*aiiJt;'B. AP© 

[0 04 0 ] ^ tc. ±%\mU 1 0 CC J; , g SA Pa © 

■m-\mtm^ti>mc. Muy^-y 2 o& 
D«*ilLAN2*/rL'r. ^roa^pcc^fb. ±tB 

WSL'fcgB©:t?ffftt*J?raJ;[]-r^„ tfcjtfc, fi^A 

p <Dmn'\mifim$-t^mc^ msa p e.*is l a n 
2 ^/r L rasa s ti/cM* a p ©:t#tt«Ja?;a€:Sfi-r 

So 

[0 04 1] ( 2 ) fl^Lfc*ittt,«(c»-:yt,»fc«*© 

iiai^w©^M 

0\t. ±lBflSUfcgBAPA ©fi#tt,m 

M;itf. gBAPA *^fiJl?^©ti^Ktt, S**^ 

6©Sr*iMa#w©s« (^ffi^Bjs^) ^fippj-rsi 

ifc{c. |!t{CRIji#ltLTl»5«*<!:©R|jim*ili^-r 

if*JMa{^w©s*4fES-rs*5, KK^ii^it u-ri^ 

SS*i©M3l{1W»«ffrSo M^c. gBAPA^^ffi 
]if^#©^^CC«> ^5K*ie,©»ill3ilffW©S^=&IE 
S-rSiitfc, ISK:MamLri^-S.S*i©MiIffW 

[0 04 2 ] gfc. Haf^t^©?SSimK^CHLt:tt. m 



u 

4>3l«*>6«feWCC— :)-r-offScD^K^|ii (t 

9, S*©f±^/5342;U©)li^gEKfil^Jt (A Pa Ti^eiS 

Cf©i?JK^tT?'Ci:^3-t:'^S„ fib, miSeif^:^?£« 

*©»K)fc j; o r . ^mmmmm ^ctimiow 

[0 04 3] i^. ±iB§f^©l^iaiaR5 (ttr.™.) . o 

^^-^'^©^WSKoi^Ttt, iS*©Mil#W 10 

[0044] (3) iEAP. iffi{^AP©ft#t^iC 
S-3lifceE.APA ©jlfi«;^J©^M 

1 6 e HA P A XimBA P 

fiS;fjU'~<;i'©fg?j^ ( Boost U'~<;L'/ji;?U'~<;V) icU 

fii ( Boost ix-^;i/©ffl/aSK;i'©ffl) KarJi^-cji 20 

1 6 ±f a i ^(Dnmm t sft l /cfiif ©^iwtt.^ 

Ka-^l^r. l38K7j^-rJ;5((:. U-^JVi Boost U 

^^i- (ii;i:L"^;i'©S^;<BoostU'<;i'©S:^) ©£'^ 

6*HciSAPA ©siftm:^7^^MS-ti^J;?iK$ijfp-r 

-So CCr. ±iaia7 <!:©jil^B> I117t:». SdAP 
A ©fl#ttSS©*K«-:Jl>rS^i©Ma#l^*^MS 

^^mcMbr. las-CB. iSAPA iififilAP©!! 

^©:ft?iff1i;«Jtc S-J L ^ r g H A p A ©sift m^j u ^ 

APa 3!)SffilSAl$©J»-^tC«, fciAjS^AP3!>Sffig* 

m-CS^-oXh. A Pa Bjfi»AP©:ft7ffftt*JiKMfl 

cc. sifim;fju-<jv?:a;^©u-<Ji'©sstc^tf#-r-5c: 
t!,ctj:i>^ jaffAP;53Si«:i^rabor, iBA 

Pa *3fi:»#©*^fCB> iBAPA ijfifilAP?:^* 

fcflaSLANv'Xf A Lrft#^JS?:ffl\ A 

Pa imiWmtll'^)l'^Soostly^MC±!.iXM^AP 

[ 0 0 4 5 ] iS3> BoostU'^;l'tt. 3fi^AP©42;Vrt{C 

-rS3&5. jJlfiS^©*ISD{CJ;^APP^©SigT#4#S 

[ 0 0 4 6 ] m^r, *:||W$«JKf|^^ftE|gL ANv-;:^ 

f-A lommc^iiTiSiBj-r^o 1^, ccra, -g-AP 

9 ( a ) KmT J: ^ iCim^^<Dm-^i)^ . 0 9 

(b) tc^5^-rj;'5K, apa mmnwKm (xaw* 

#««g) ffi{^APtttS*#«ls©SS-C* 

i>m^ic-o^'xmmt6. mq (a) a, apa SD^jfi 

^AP (APb , APc , APd , APe , APf , a 50 
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Pg ) d^eJS'SM^LANi'XrAl tCfcl^r, APa 

^r^J^L-TL^S. APa iS*/S rHl©^S^EnB, II 

-So BP^. C©Nf.^Sr». APa tm^a. m^rom 

[ 0 0 4 7 ] 13 8 ( a ) ic^.timv. ffi*/3*5A«© 
T^-i'Mif^^tTo/cfeS, APa ©?- + *;l-'fill^f3&3iff 

Si -Si. s*Q!, T»ii»s«j&ian«*©t^;«<!:^c-s„ 

COii^CcfcC^r, APa ©fliwfttJSn 9-eBgEA 
Pa ©M?§f(a4itiiJ-r^o $/c. iSiJtpgpi orB. :& 
^H-WSP 1 9 vmi b fcft#tf-i!Hii(c«-5(,»-c, g EA 
Pa ©*#1:fc«^WSrSo ccra. W^^t^t^tc^s 

[ 0 0 4 8 ] y^tc, mmM 1 0 it, iiBflSLfcea 

APa ©*#t^^{C«-:5l^r. H7{C^^j;^(C. 

^i©pa{^rlt4{*S■^So £:©i^S(cS-3\it:. 

[0 04 9] -jj. gsA Pa (onmtmmmmm 

^i-gP-Y>^-:7 x-:5^ 2 OJi!>*^L AN 2 4/^t■c. 

^r©£{SAPK^tL, gSAPA ©it#tt?J?:a?;D-r 

cniCj;tJ. £j§APr«. APa *^6©a5;P^S 

[0 0 5 0] mc. ^fif^AP-cB. 08cc7j^-r^n-e 
■no^$ijspgi5 1 0/S^e.©ig7j^ (Boostb-<;L'/a?;?b'^ 
ji^) tcfiei\ 02iC7^-r^n^*i©iijfm;'3r"-7'ji/2 
licWi^^fcmijm (Boostu-<;i'©ffi/a^i''^^i' 

CC-r-B. AP»fi:ft?ffftt*JT?$>i3. fiffAPa 

m^-^ bmc^^A p i ur ©A p A itm-Mi^imxS)i> 

/c*. ^i&mAPVit. jlim;^)=&±t-frBoostK;i' 

tc^Mf-So 0 9 (b) C©j;5{c#fiff APr-Bo 
ostU-<;L'fc^ML'/clSlfi. #fifSAP©-fe;L'j:)3A&< 

A mmm-f^n^cti}iv^tj:<xi>. mmmmiA 

P^g^5ft-rSCiKj;t3. APe XBAPd iMBf^r^t 
i'i7^Cti)iV^i,. Sfc. S*rB. lalD<APA i 
Mil#lt=&tf^Ci*3-Ct&<-C^>. if^^i^AP?: 
J^-rSCi(Cj;f3. APc iHjim^&ff^C<k*ST 

[0 05 1 ] &.±mm UcJ:^ic, ^^WJgl^c j;n 
atti«*iLT©S7Ka. T«. ffi^APiaii^ 

If 5 di/O^-r-^sfcto, p.ns*©FBiii?:»?^-r5c: i 
^as^'-^jucLtte^. APa ©am^fiffl-r-si^ 

/i:WBoostU'^;V{c±CfSfcfe> -SAP©ii^:;>j^S 
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[ 0 0 5 2 ] 1^, mi (DnmiXPMcmotcmmmimm 

a V e ii^U'^;!', Boost U-^-iU^i^T 

{c»SLr> eaAPA 55*ift*ltB$tcti, 01 i(c^ 

f^fc^fc. iiSW'^Ji'iOigi^ r s a V e 

^•rSC i fcBJtgrab^o CO J; 5 fc:t?it^;*cS|fci;ED/c 

?«iWl:t*5{gT-rS C i i^mbX. aft niiM*WiC 

[0053] ii<±© J: ^ ^c:^#t^;sl:RDf5S«^^i;^©iffl^ 20 

[0 0 54] CCTH, ■&AP;^^iai 2(a) {Ctj^-TJ; 
^fi:ffift#1^SI©JS^*i6> 012 (b) (c^fj:^ 

K, APa /&^gKj|#tt«JK)^j-ofc*3, jfif^APBffift 
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A method and apparatus for efficient candidate frequency search while initiating a handoff in a code 
division multiple access communication system. The method includes when the pilot signal is transmitted 
by the mobile station that is power controlled to a target receive level, the traffic channel power level is 
increased relative to the pilot channel to improve receiver performance. An improved feature is that the 
received pilot received at the base station stays the same while the receiver receives extra energy in the 
redundant traffic symbols received to enhance the probability of conrectly decoding the received frame. 
The base station detects the absence of the mobile station transmitted signal from the frequency of 
interest. If the base station is aware of the starting time and duration of the absence, it can focus its 
detection during this predetermined time period.; The performance can be improved if the absence of the 
signal is spread across two frames at the frame boundary. 
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